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Subsurface  Projection  of  Cambro-Ordovician 
Sediments  in  the  Pennsylvania-New  York  Region, 
And  Relation  to  Oil  and  Gas  Possibilities 


By  Frank  Swariz* 


Introduction 

Prospective  further  decline  in  oil  and 
gas  production  from  the  Devonian  and 
Carboniferous  sands  that  have  afforded 
the  supplies  so  far  discovered  in  Penn- 
sylvania, lends  increased  importance  to 
possibilities  of  geologically  older  horizons 
despite  their  greater  depth  and  lack  of 
production  in  the  few  wells  that  have  so 
far  reached  them  in  the  State. 

Active  interest  in  possibilities  of  the 
older  horizons  is  evidenced  by  drilling 
now  in  progress  near  Bedford  in  south- 
central  Pennsylvania,  as  well  as  by  re- 
cent completion  of  the  deep  Hockenberry 
test  north  of  Pittsburgh.  (See  Figure  1.) 
Concern  with  the  deep  formations  also 
led  the  Pittsburgh  Geological  Society  to 
sponsor,  in  1947,  a symposium  on  the 
Trenton  and  Sub-Trenton  of  the  North- 
ern Portion  of  the  Appalachian  Basin. 

The  present  paper  has  been  developed 
from  parts  of  the  symposium,  as  pub- 
lished in  1948  in  the  Bulletin  of  the 

American  Association  of  Petroleum  Ge- 
ologists. Liberal  use  has  been  made  of 
subsurface  data  and  conclusions  present- 
ed by  Fettke  (1948)  and  Cohee  (1948),  in 
order  to  broaden  and  strengthen  the 

geological  interpretations  based  on  sur- 
face information  summarized  by  the 

writer.  (Swartz,  1948.) 

Scope  and  Method 

The  Cambrian  and  Ordovician  sedi- 
ments discussed  on  following  pages  occur 
at  depth  in  western  Pennsylvania  and 
elsewhere  through  the  northern  portion 
of  the  Appalachian  structural  basin.  The 
areas  of  subsurface  extension  are  de- 

limited in  Figure  2 by  the  bordering  belts 
of  outcrop  where  the  Cambrian  and  Or- 
dovician strata  rise  to  ground  level. 

Stratigraphic  studies  along  the  mar- 
ginal belts  of  exposure,  supplemented  by 
data  from  the  few  deep  test  wells,  give 
insight  into  regional  characters  of  the 
sediments,  so  that  trends  in  facies  and 
in  thickness  changes,  and  variations  in 
history  of  burial  and  tectonics,  can  be 
projected  into  the  areas  of  subsurface 
occurrence  and  used  in  interpreting  pe- 
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troleum  source-bed  and  reservoir  possi- 
bilities. 

The  Cambrian  and  Ordovician  strata 
of  the  province  show  by  their  fossils, 
compositions,  and  structures  that  they 
originated  as  sediments  spread  on  the 
floors  and  along  marginal  areas  of  an- 
cient, shallow  seas  that  for  long  periods 
varyingly  inundated  a comparatively 
level,  gradually  subsiding  platform  re- 
gion. At  times,  easterly  lands  were  up- 
lifted, and  suffered  weathering  and 
erosion,  so  that  sands  and  clays  worn 
from  their  surfaces  were  transported  to 
the  Pennsylvania  region  and  were  there 
deposited  in  deltas,  lagoons,  and  estu- 
aries as  well  as  in  more  open  portions  of 
the  sea  waters.  At  times,  sands  were 
brought  in  from  the  northwest  and  north 
rather  than  from  the  southeast,  marked- 
ly affecting  the  patterns  of  distribution. 

During  long  intervals  of  Cambrian  and 
Ordovician  time,  the  neighboring  lands 
were  low.  or  small  and  distant,  so  that 
little  detritus  from  them  reached  the 
platform  of  sedimentation.  During  these 
intervals,  deposits  of  calcium  carbonate 
tended  to  accumulate  on  the  sea  floor, 
in  part  as  a chalky  flocculate  precipi- 
tated because  of  lowered  concentration 
of  dissolved  carbon  dioxide,  in  lesser 
part  as  shells  and  skeletons  secreted  by 
sea  animals  and  plants.  Locally,  mag- 
nesium of  the  sea  waters  reacted  with 
the  limy  sediments,  forming  dolomites 
in  a fashion  imperfectly  understood. 

The  seas  repeatedly  were  modified  in 
geographic  pattern  and  distribution.  At 
times  the  waters  withdrew  from  much 
or  all  of  the  region,  and  the  exposed 
sediments  formed  in  preceding  stages  of 
sea  deposition  were  then  laid  bare  to 
weathering,  rain  wash,  stream  erosion, 
and  the  solvent  action  of  circulating 
ground  waters. 

Although  the  platform  of  sedimenta- 
tion was  comparatively  level,  there  were 
irregularities  both  of  subsidence  and 
emergence.  The  form  of  the  surface  of 
sedimentation,  and  likewise  curvatures 
of  sedimentary  layers  increasingly  buried 
below  younger  deposits,  were  progressive- 
ly modified  by  differential  warping  and 
by  regional  variations  in  thickness  of 
concurrently  accumulating  sediments. 
Smaller  scale,  incipient  arching  that  is 
not  well  substantiated  may  have  caused 
local  shoaling  of  the  sea  floor,  and  dur- 
ing intervals  of  emergence  may  locally 
have  affected  surface  elevations. 


It  follows  from  these  relationships  that 
the  characters  of  sedimentary  strata,  and 
the  manner  in  which  they  change  from 
one  area  to  another,  not  only  give  evi- 
dence of  the  geography  of  their  sedi- 
mentation, but  can  in  turn  be  better 
understood  and  their  trends  projected  to 
new  regions  as  soon  as  the  broad  geo- 
graphic outlines  are  made  apparent.  ThLs 
is  the  basic  concept  of  the  present  in- 
vestigation. Employing  knowledge  of  the 
sediments  at  the  surface  and  subsurface, 
with  age  correlations  obtained  from  dis- 
tinctive fossil  faunas  and  from  lithologic 
tracing  and  interfingering,  the  broad  re- 
gional features  of  each  of  successive 
major  subdivisions  of  the  Cambrian  and 
Ordovician  sediments  are  discu.ssed.  and 
are  illustrated  by  isopachous  and  iso- 
lithic  maps.  Interpretations  of  the  geog- 
raphy of  sedimentation  are  implicit  in 
each  of  these  discussions,  but  have  not 
been  fully  developed  for  the  present 
account  of  the  study. 

A number  of  basic  factors  are  common 
to  oil  and  gas  problems  of  all  parts  of 
the  Cambrian-Ordovician  sequence,  and 
affect  the  manner  in  which  data  are 
arranged  to  build  up  preliminary  opin- 
ions about  possibilities  of  each  of  the 
constituent  subdivisions  of  the  rock  suc- 
cession. Attention  accordingly  is  first  de- 
voted to  brief  review  of  premises  about 
the  nature  of  petroleum  source  beds  and 
reservoirs,  and  relationships  to  the  an- 
cient geographies  of  sedimentation  and 
to  the  post-depositional  history. 

Acknowledgments 

The  present  paper  represents  continu- 
ation of  studies  discussed  (Swartz.  1948 1 
in  the  Trenton  and  Sub-Trenton  sym- 
posium recently  published  by  the  Amer- 
ican Association  of  Petroleum  Geologists. 
Liberal  use  has  been  made  of  the  con- 
tributions there  furnished  by  Fettke 
11948)  and  by  Cohee  (1948'.  The  work 
has  been  jointly  sponsored  by  the 
Pennsylvania  Topographic  and  Geologic 
Survey  and  by  the  Mineral  Industries 
Experiment  Station  of  The  Pennsylvania 
State  College.  Information  on  subsurface 
features  of  the  Upper  Ordovician  Oswego 
sandstone  was  originally  assembled  with 
support  of  the  Quaker  State  Oil  Refining 
Corporation  and  Bradley  Producing  Cor- 
poration, and  is  here  made  available 
through  the  kind  permission  of  the  re- 
sponsible officers. 


1 


Order  of  Discussion 

The  discussions  presented  on  following- 
pages  are  summaries  intended  to  be 
helpful  as  attention  is  devoted  to  the 
following  problems:  What  are  the  re- 
gional characters  and  facies  inter-rela- 
tionships of  sediments  of  each  of 
major  subdivisions  of  the  Cambrian  and 
Ordovician  strata  of  the  Pennsylvania- 
New  York-Ohio  region?  What  were  the 
general  conditions  and  geographies  of 
sedimentation?  Were  there  periods  of 
widespread  emergence?  What  sediments 
have  promise  as  possible  petroleum 
source  beds?  Where  and  at  what  hori- 
zons did  sediments  accumulate  with  re- 
gional porosites  of  reservoir  type?  Did 
leaching  and  reworking  significantly 
modify  porosity  patterns?  Did  oil  and 
gas  move  into  early-stage  reservoirs 
whose  locations  affected  possibilities  of 
subsequent  loci  of  accumulation?  Were 
reservoir  conditions  and  migration  pos- 
sibilities altered  as  Paleozoic  sedimen- 
tation continued?  Did  Late  Paleozoic 
Appalachian  deformation  cause  serious 
dispersion  of  oil  and  gas  theretofore  ac- 
cumulated in  the  sediments  and  if  so, 
where? 

A number  of  basic  factors  and  premises 
are  common  to  oil  and  gas  problems  of 
all  parts  of  the  Cambro-Ordovician  se- 
quence, and  affect  the  manner  in  which 
data  are  arranged  to  build  up  prelimi- 
nary opinions  about  possibilities  of  each 
of  the  constituent  subdivisions  of  the 
rock  succession.  Attention  accordingly  is 
first  devoted  to  brief  review  of  pertinent 
suppositions  about  nature  of  petroleum 
source  beds  and  reservoirs,  and  their  re- 
lation of  paleogeography  of  sedimenta- 
tion and  to  post-depositional  history; 
there  then  follow  summaries  of  regional 
characters  of  successive  major  subdi- 
visions of  the  Cambrian  and  Ordovician 
of  the  Pennsylvania-New  York-Ohio  re- 
gion; coupled  in  each  case  with  prelimi- 

Figure 1 — General  stratigraphy  ant)  structure  in 
soutliweslern  Pennsylvania  ahiug  tlie  line  from  the 
Hnckenherry  well  in  westrentral  Pennsylvania  (see 
Kettke,  1948),  to  locaticuis  of  test  w<‘lis  now  being 
tlrilletl  at  the  Schellslmrg  th.ine  west  of  Berlft)r«l. 


nary  attempts  to  evaluate  oil  and  gas 
possibilities.  It  must  be  emphasized  that 
the  remarks  here  offered  are  suggestive 
only,  and  are  by  no  means  intended  to 
serve  as  full  and  final  analyses  of  the 
difficult  and  complex  problems  that 
challenge  geologists  of  the  region. 

Premises  About  Petroleum  Source  Beds 
And  Reservoirs,  In  Relation  To  Paleo- 
g-eography  of  Sedimentation  of  the 
Cambro-Ordovician  Strata 

Interpretation  of  oil  and  gas  possibili- 
ties on  the  basis  of  regional  trends  of 
sediments,  involves  suppositions  about 
types  of  deposits  that  have  served  as 
petroleum  source  beds  and  reservoirs, 
and  about  their  relations  to  the  ancient 
geographies  of  sedimentation. 

Although  opinions  about  source  sedi- 
ments vary  in  detail,  there  seems  to  be 
general  agreement  that  special  promise 
is  offered  by  marine  near-shore,  and 
associated  brackish-water  estuarine-la- 
goonal  suites  of  clays  and  sands.  Rich 
petroleum  occurrences  in  marine  dolo- 
mites and  limestones  suggest  that  such 
carbonates  likewise  have  entombed  or- 
ganic materials  of  favorable  parent 
types;  though  like  the  detritals,  the  car- 
bonate sediments  doubtlessly  have  ac- 
cumulated under  conditions  varying 
widely  in  balance  between  growth,  de- 
struction, and  burial  of  organic  matter. 
Fresh-water  river  sediments  evidently 
afford  no  possibilities  as  petroleum 
source  beds,  and  there  is  doubt  that 
even  the  fresh-water  lake-shales  that 
yield  oil  by  distillation  have  actually 
given  rise  to  natural  petroleum. 

In  the  shallow-water  suites  of  marine 
and  estuarine  detritals,  sands  cleansed 
by  vigorous  surf  and  current  agitation 
in  exposed  beaches  and  bars  suffer  loss 
of  source  substances  of  petroleum.  After 
burial,  however,  their  well-bridged  inter- 
stices resist  destruction  by  compaction, 
and  where  not  closed  by  cements  furnish 
potential  reservoir  porosities  wherever 
structures  or  permeability  wedge-outs 
are  favorable. 


The  carbonate  sediments  also  offer 
some  reservoir  possibilities  associated 
with  original  as  contrasted  with  second- 
ary openings.  Deposits  of  shelly  materials 
and  of  reef -growths  may  locally  have 
been  honeycombed  with  crevices,  and 
fragmented  shell-sands  likewise  should 
have  been  porous  in  early  stages  of  their 
history.  However,  the  effective  reservoir 
pores  of  the  carbonate  sediments  are 
likely  to  have  been  much  affected  by 
secondai’y  modifications,  and  in  many 
instances  may  be  wholly  secondary  in 
origin. 

The  Cambro-Ordovician  sediments  of 
Pennsylvania  and  adjacent  states  include 
thick  sequences  both  of  shallow-water 
marine  - estuarine  - lagoonal  clays  and 
sands,  and  of  marine  carbonates,  that  in 
general  nature  resemble  proved  petroli- 
ferous sequences  of  other  regions  of 
the  world.  Stratigraphic-paleogeographic 
studies  can  be  helpful  in  outlining  dis- 
tributions of  sedimentary  types  in  terms 
cf  the  near-shore  and  offshore  regions 
of  the  ancient  geographies  of  accumula- 
tion, as  well  as  by  giving  insight  into 
possible  horizons  of  emergence  and 
leaching,  and  into  possible  effects  of 
burial  and  deformation. 

Reservoir  Possibilities  In  Relation  To 
The  Post-Depositional  History 
Of  the  Sediments 

Reservoir  conditions  of  the  Cambro- 
Ordovician  sediments  of  the  Appalachian 
region  were  affected  in  complex  ways  by 
post-depositional  events,  and  the  reser- 
voir conditions  doubtless  passed  through 
several  successive,  changing  stages.  Brief 
consideration  will  be  given  to  some  of 
these  post-depositional  relationships  un- 
der the  following  sub-headings:  Possible 
reservoirs  of  leaching  associated  with 
surfaces  of  unconformity;  Reservoir  po- 
rosities in  relation  to  time  of  entry  of 
cil  and  gas  and  to  possible  complexities 
of  tilting  and  migration;  Reservoir  and 
petroleum  possibilities  in  relation  to  deep 
burial  and  to  rock  deformation. 
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Possible  Reservoirs  of  Leaching 
Associated  with  Surfaces  of 
Unconformity 

Sedimentation  was  by  no  means  fully 
icontinuous  in  the  northern  Appalachian 
region  during  Cambro-Ordovician  time. 
Progressive  shrinkage  of  areas  of  sedi- 
mentation is  especially  marked  in  the 
successive  Upper  Cambrian — Lower  Or- 
dovician — Middle  Ordovician  Chazyan 
stages  of  deposition. 

In  the  areas  and  at  the  times  that 
carbonate  beds  and  carbonate  - rich 
quartz  sands  were  uncovered  by  shifts  in 
margins  of  the  ancient  seas,  solution  and 
leaching  must  have  taken  place.  Extent, 
rate,  and  total  effect  of  the  solvent  ac- 
tivity varied  with  composition  of  the 
emergent  materials,  height  above  water 
table,  and  nature  of  climate. 

Processes  of  several,  somewhat  differ- 
ent types  favor  development  of  porous 
zones  in  such  emergent  strata.  In  lime- 
stones and  dolomites,  solution  tends  to 
enlarge  crevices,  and  to  produce  sink 
holes  and  subsurface  openings,  augment- 
ed by  fractures  where  slumping  is  ex- 
tensive. Where  carbonate-rich  sands  are 
exposed,  leaching  in  place  increases  po- 
rosity by  removal  of  carbonate  cement 
clogging  interstices,  and  transportation 
and  redeposition  of  the  weathered  quartz 
sand  may  form  new  and  porous  lenses. 
All  of  these  types  of  openings  would  fur- 
nish potential  reservoir  porosities  if  and 
when  renewed  sedimentation  laid  down 
suitable  cap-rock  strata. 

In  the  Cambro-Ordovician  sediments 
of  the  Pennsylvania  region,  geographies 
of  Beekmantown  and  Chazyan  stages 
suggest  that  both  solution  in  exposed 
limestones  and  dolomites,  and  leaching 
and  reworking  of  Upper  Cambrian  sandy 
layers,  could  have  been  fairly  extensive. 
The  surfaces  of  unconformity  deserve 
attention  in  future  exploration. 

Reservoir  Porosities  in  Relation  to 
Time  of  Entry  of  Oil  and  Gas,  and  to 
Possible  Complexities  of  Tilting  and 
Migration 

Time  of  entry  of  oil  and  gas  into  the 
Cambro-Ordovician  reservoir  horizons, 
plausibly  was  a significant  factor  affect- 
ing the  nature,  distribution,  and  main- 
tenance of  the  effective  reservoir  po- 
rosities. 


The  inci-easing  weight  of  overburden 
that  resulted  from  continued  Palf(jzoic 
sedimentation,  subjected  the  buried 
Cambro-Ordovician  strata  to  a tighten- 
ing, natural  wringer  that  compacted 
especially  the  weaker  layers  and  thu.s 
tended  to  drive  out  the  contained  fluid: . 
The  less  competent  source  beds  may 
have  yielded  considerable  proportions  of 
their  potential  oil  and  gas  as  well  as  a 
large  part  of  their  interstitial  water, 
after  burial  under  several  thousand  feet 
of  sediment. 

Because  of  wide  spreading  of  the  sedi- 
mentary materials,  the  rate  of  accretion 
in  thickness  was  comparatively  gradual 
on  the  Appalachian  platform  during 
Paleozoic  time.  Consequently,  initiation 
of  migration  from  source  beds  may  have 
been  somewhat  delayed  in  comparison, 
for  example,  with  movements  in  the 
more  rapidly  deposited  Tertiary  sedi- 
ments of  the  Gulf  Coast  region  of  Texas 
and  Louisiana.  However,  the  Paleozoic 
geologic  periods  were  of  long  duration, 
so  that  time,  aided  by  such  factors  as 
energy  of  the  small  but  oft-repeated 
tides  of  the  earth’s  solid  crust,  may  have 
helped  induce  settling  and  compaction. 
In  Tertiary  strata  of  various  regions  of 
the  world,  source  beds  not  more  than  a 
few  million  years  in  age  have  evidently 
furnished  oil  to  associated  reservoirs. 
Uranium  data  suggest  that  the  whole 
Tertiary  - Quaternary  Era  represents 
about  60  million  years;  the  Cambro-Or- 
dovician interval  alone  probably  spans 
about  150  million  years,  with  a lapse  of 
another  150  to  200  million  years  for  the 
remainder  of  the  Paleozoic  Era.  Even 
though  initiation  of  migration  may  rela- 
tively have  been  delayed  in  the  Cambro- 
Ordovician  sediments  of  the  Appalachian 
region,  the  time  spans  are  so  great  and 
total  thicknesses  of  sediments  are  suf- 
ficient to  suggest  that  early-stage  accu- 
mulations of  petroleum  must  have  de- 
veloped long  before  the  close  of  Paleozoic 
deposition. 

The  thick  marine  clays  of  higher  parts 
of  the  Ordovician  of  Pennsylvania  and 
New  York,  were  structurally  weak  and 
presumably  yielded  considerable  propor- 
tions of  their  fluids  at  fairly  early  stages. 
In  the  subjacent  parts  of  the  Cambro- 
Ordovician,  clays  were  not  large  in 
volume  except  in  the  Lower  Cambrian 
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Insofar  as  the  heavier  bedded  car- 
bonate layers  achieved  (.(jinpeteiicy  at 
comparatively  early  stages,  and  retained 
well-bridged  openings,  expulsion  of  fluid.'^ 
would  have  been  retarded. 

If  .significant  migration  from  .^ourcc 
beds  to  initial  reservoirs  occurred,  as  is 
here  envisioned,  early  in  the  po.st-depo- 
sitional  history  of  the  Cambro-Ordovi- 
cian sediments,  the  early  -stage  reservoirs 
were  controlled  by  the  permeability  and 
structural  relations  of  that  time  rather 
Chan  of  the  present  day.  Furthermore, 
effects  may  have  developed  that  modi- 
fied possibilities  of  re-migration  under 
changing  conditions  of  later  geologic 
periods. 

During  tire  progress  of  Cambro-Ordo- 
\ician  and  later  Paleozoic  sedimentation, 
regionai  dips  developed  in  parts  of  the 
Appalachian  basin,  sufficient  to  modify 
migration  within  limits  imposed  by  per- 
meability patterns  plus  local  reversals  in 
structure. 

In  the  Pennsylvania  region,  the  axes 
of  maximum  thicknesses  of  successive 
stages  of  Paleozoic  sedimentation  ex- 
tended generally  in  a northeast-south- 
west direction,  shifting  location  so  they 
crossed  central  to  southeastern  parts  of 
the  state. 

Westerly  thinning  of  the  sedimentary 
sheets  from  the  respective  axes  of  great- 
est thickness  was  associated  with  de- 
velopment of  an  appreciable  regional 
slope,  rising  northwestward.  Thus  the 
6,000  to  7.000  feet  of  Ordovician  sedi- 
ments that  overlie  the  Upper  Cambrian 
Gatesburg  sandy  dolomites  in  central 
Pennsylvania  near  the  Allegheny  Front. 
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|thin  to  3,000  feet  in  the  Hockenberry  well 
^80  miles  to  the  northwest.  Even  if  the 
surface  of  sedimentation  at  the  close  of 
Ordovician  time  was  as  much  as  500  feet 
lower  in  the  Hockenberry  well  area  than 
in  the  Allegheny  Front  region,  the 
Gatesburg  sediments  would  have  risen 
westward  with  average  slopes  of  between 
30  and  40  feet  per  mile.  By  the  end  of 
Silurian  time  the  westward  rise  of  the 
Gatesburg  beds  should  have  averaged  45 
to  55  feet  per  mile,  and  by  the  end  of 
Devonian  time  may  have  been  80  to  100 
feet  per  mile.  Stratigraphic  thicknesses 
used  for  these  approximations  are  those 
of  sediments  as  now  compacted;  in  the 
stages  of  lesser  compaction  of  Mid- 
Paleozoic  time  the  thickness  differentials 
may  have  been  greater  and  if  so  the  cited 
slopes  are  too  gentle. 

It  is  apparent  that  in  Mid-Paleozoic 
time  appreciable  slopes  were  developed 
in  the  Cambro-Ordovician  sediments  of 
western  Pennsylvania,  that  favored 
northwestward  migration  of  oil  and  gas 
along  any  suitably  permeable  horizons, 
provided  that  water  driven  out  in  pro- 
gressive compaction  of  the  sediments 
moved  up  the  slopes  of  the  strata  in  its 
escape  toward  ground  surface. 

Countering  extensive  northwestward 
upslope  movements  of  the  oil  and  gas 
were  several  factors  that  may  have  re- 
tained large  accumulations  in  areas 
neighboring  the  source  sediments  from 
which  they  were  generated.  These  factors 
were  both  structural  and  stratigraphic. 

Finn*  reports  that  several  anticlines 
in  western  Pennsylvania  appear  to  have 
been  weakly  active  during  at  least  later 
phases  of  Paleozoic  sedimentation,  and 

*Finn,  F.  H.,  personal  communication,  1948. 

Figure  2 — Index  map,  showing  Cambro»Ordovician 
outcrop  belts  along  the  rim  of  the  northern  part  of 
the  present-day  Appalachian  structural  basin,  and  gen- 
eral location  of  the  Cincinnati  arch  which  bounds  the 
basin  on  the  west.  A different  version  of  the  Findlay 
or  Ohio  section  of  the  arch  is  illustrated  in  Figure  12. 
The  crop  of  the  lop  of  Ordovician  sediments  along 
margins  of  the  Appalachian  basin  and  elsewhere,  is 
shown  by  a prominent,  fringed  line;  the  fringe  is  di- 
rected toward  the  subsurface  extension  of  the  Ordo- 
vician strata. 

ells  especially  important  for  subsurface  data  are 
numbered  as  follows;  in  New  York:  1,  Reserve  Oil 
Company’s  J.  C,  Mahaney  No.  1 well;  2,  Old  Roches- 
ter well;  3,  K.  R.  ilson’s  Arcade  No.  1 well;  4, 
Depew  No.  2;  5,  Bemus  Pierce  well;  Pennsylv.\.ni,\  : 7, 
United  Natural  Gas  Company’s  Maude  Davidson  No.  1 
well;  8,  Manufacturers  Light  and  Heal  Company’s  Jes- 
sie G.  Hockenberry  No.  1 well;  9,  Ohio  Oil  Company's 
Jay  Childs  No.  1 well;  Ohio:  10,  Ohio  Fuel  Gas  Com- 
pany’s George  E.  Chester  No.  1 well;  11,  East  Ohio 
Gas  Company’s  Crile  No.  1 well;  12,  Newburg  and 
Cleavland  No.  4 well;  13,  Ohio  Oil  Company's  J.  H. 
Armstrong  No.  8 well;  14,  Ohio  Oil  Company’s  Chaney- 
Meyer,  Unit  2,  No.  1 well;  15,  Industrial  Gas  Cor- 
poration’s Sidney  Whitmore  No.  1 well;  16,  Sinclair 
Prairie  Oil  Company’s  George  I.ongsworth  No.  1 well; 
!•,  McCrea  Oil  and  Gas  Company  et  al.  Billman  No. 
2 well ; 18,  Hanley  and  Bird’s  Grant  . Pitts  No.  1 
well;  19,  Ohio  Oil  Company’s  S.  V.  Krause  No.  1 
well;  20,  C.  White’s  Peter  and  Blanch  Acting  No. 
1 well;  21,  W.  and  A.  T.  Wherle  No.  8 well;  22. 
S.  D.  and  "'9-.  B.  McClay’s  Bertha  Rowe  No.  1 well; 
23,  Community  Stemen  No.  1 well;  24.  Ohio  Fuel  Gas 
Company’s  George  E.  Chester  No.  1 well;  25,  ^S’averly 
well;  26.  H.  J.  Popham  No.  1 well:  27,  New  Vienna 
well;  28,  Columbus  well;  29,  Chester  L.  ise  et  al. 
Herman  E.  \ ance  No.  1 well;  30.  Ohio  Fuel  Supply's 
Ulsh  No.  1 well;  31,  Findlay  well;  32.  Ohio  Oil  Com- 
pany’s Louis  Barlage  No.  1 well;  33,  Schwyn’s  Brailey 
No.  8 well;  34,  Ohio  Oil  Company’s  Bruns  No.  1 well; 
Ontario:  6,  Rockwood  Oil  and  Gas  Company’s  well; 

35,  Union  Gas  Company’s  Imperial  Oil  No-  3 well; 

36,  Dominion  Gas  Company’s  Shanks  No.  6 w-ell ; 37. 
Union  Gas  Company’s  No.  8 well;  Michigan:  38,  Stur- 
man’s  Chapmon’s  No.  1 well;  39,  Colvin’s  Theisen  No. 
1 well;  40,  Colvin’s  Meinzinger  No.  1 well;  41,  Col- 
vin’s \ oss  No.  1 well;  42.  Duck  Lake  Oil  Company’s 
McPherson  No.  1 well. 


evidence  of  similar  activity  is  given  for 
one  of  the  western  New  York  anticlines 
in  an  unpublished  study  by  L.  F.  Adams 
and  the  writer.  Such  anticlinal  activity 
may  locally  have  caused  reversal  of  the 
regional  northwesterly  rise  of  the  Cam- 
bro-Ordovician strata,  and  if  so  may 
have  caused  some  local  trapping  of  oil 
and  gas  in  any  available  permeable  and 
porous  horizons. 

The  importance  of  such  early  arching 
remains  uncertain  today  because  of  in- 
adequacy of  information  about  the  de- 
gree of  structural  activity,  and  about 
values  of  the  reversals  of  dip  that  may 
have  developed.  Greater  significance 
probably  attaches  to  changing  permea- 
bilities due  to  variable  textures  of  the 
original  sediments,  to  leaching  effects 
associated  with  surfaces  of  unconformity, 
and  to  differing  amounts  of  cements  de- 
posited in  the  rock  interstices. 

There  is  evidence  that  members  of  a 
water-oil-gas  system  react  in  differing 
manners  to  variations  of  permeability  of 
a medium  through  which  they  are 
caused  to  move.  If  such  a system  is 
driven  through  sandy  sediments  varying 
in  texture  and  thus  in  character  of  the 
interstices,  it  appears  that  the  oil  and 
gas  will  tend  to  accumulate  where  the 
interstitial  openings  are  coarser,  whereas 
water  may  continue  onward  through  fin- 
er openings.  In-so-far  as  this  relation- 
ship prevailed  in  movement  of  fluids  in 
the  Cambro-Ordovician  sediments,  early 
migration  of  oil  and  gas  may  have  been 
significantly  different  from  that  of  asso- 
ciated water:  and  conditions  that  drove 
to  the  ground  surface  much  of  the 
original  water  expulsed  by  the  growing 
weight  of  overburden,  may  have  left  in 
subsurface  reservoirs  greater  proportions 
of  the  oil  and  gas  then  developed. 

Where  and  when  significant  quantities 
of  oil  and  gas  accumulated  in  local  parts 
of  a permeable  zone,  conditions  were 
established  which  tended  to  retard  ce- 
mentation in  comparison  to  neighboring 
areas  where  the  same  permeable  horizon 
was  charged  with  water  alone.  Such  dif- 
ferential cementation,  if  it  occurred, 
favored  development  of  barriers  to  sub- 
sequent remigration  of  the  oil  and  gas 
accumulations,  whereas  it  simultaneously 
helped  maintain  porosity  in  areas  occu- 
pied by  oil  and  gas  under  conditions 
that  governed  the  early-stage  migrations. 

The  structural  relations  that  favored 
early-stage  northwestward  rise  of  the 
strata  across  the  western  half  of  Penn- 
sylvania. did  not  persist  across  the  cen- 
tral part  of  the  state.  Instead,  shifts  at 
successive  horizons  in  location  of  axes 
of  maximum  thicknesses  of  sediments, 
caused  irregular  curvatures  of  the  earlier 
strata.  In  part,  these  can  be  approxi- 
mated by  studies  of  the  accompanying 
isopachous  maps.  Any  broad  regional 
arches  would  have  tended  to  localize 
early-stage  petroleum  accumulations. 

Reservoir  and  Petroleum  Possibilities 
In  Relation  to  Deep  Burial  and 
To  Rock  Deformation 

Petroleum  possibilities  of  the  Cambro- 
Ordovician  strata  of  Pennsylvania  have 


bef-n  modifitd  by  burial  beneath  the 
deep  r-k  e..w-r  built  by  continued 
P .li  izoic  : dimenlalion.  and  al  ■ by 
temperatun  - and  pre-  ,uri . develop«-d 
duniiK  1-ale  Palecj/.oic  mountain  makine 
In  |)art.  the  ellective  pro:  .e.s  -cted 

up:ui  .toiage  f ii|)aciue  .if  the  n . .TV  iir 
hon/oii.s,  and  altered  condition;  if  en- 
traiunent:  in  itart,  the  petroleum  it.self 
must  have  undergone  change-.-  m chem- 
ical and  iihysical  characteri.stlL... 

Effects  of  Appalachian  deformation  cm 
Cambro-Ordovlcian  strata  are  m.  ,t  pro- 
nounced in  Pennsylvania  in  the  area.- 
neighboring  Chester  Valley,  southeast  of 
Lancaster  in  the  southeastern  part  nt 
the  state.  Here  parts  of  the  Cambrian 
rocks  are  metaquartzites,  schists,  and 
low-grade  marbles,  and  metamorphic 
structures  permeate  Wissahickon  and 
Peters  Creek  schists  that  plausibly  rep- 
resent Ordovician  clays  and  sands.  Dis- 
tinct metamorphic  effects  persist  north- 
wards into  the  Bangor  region  of  eastern 
Pennsylvania,  where  Ordovician  clay 
sediments  are  quarried  for  roofing  slate. 
Lower  Cambrian  deposits  include  phyl- 
lites  and  metaquartzites  westwards  into 
the  South  Mountains  region  of  south 
central  Pennsylvania. 

The  Cambro-Ordovician  formations  in- 
corporated in  these  metamorphic  ter- 
ranes  mostly  originated  as  marine  and 
brackish-water  sediments,  and  presum- 
ably included  deposits  having  original 
promise  as  petroleum  source  and  reser- 
voir horizons.  The  changes  through 
which  they  have  passed  certainly  dissi- 
pated any  petroleum  accumulations  that 
may  have  developed  in  them  during  early 
stages  of  their  history.  The  problems 
remain:  How  far  to  the  north,  north- 
west, and  west  were  the  metamorphic 
processes  sufficiently  active  to  disperse 
the  oil  and  gas  that  may  in  the  past 
have  been  present?  What  boundaries 
mark  the  limits  of  areas  in  which  search 
for  oil  and  gas  is  profitable? 

The  recrystallization  involved  in  meta- 
morphism of  the  Cambro-Ordovician 
strata  of  the  Lancaster  region,  affected 
relatively  stable  mineral  materials.  In 
contrast,  David  White  in  propounding 
the  "carbon  ratio”  hypothesis,  many 
years  ago  drew  analogy  between  petro- 
leum occurrences  and  the  pattern  of 
change  in  constitution  of  coal,  which 
more  than  the  inorganic  minerals  is 
likely  to  have  reacted  to  processes  apt  to 
cause  modification  of  petroleum.  White 
recognized  that  oil  fields  discovered  in 
Upper  Devonian  and  Carboniferous  stra- 
ta of  Pennsylvania  mostly  lie  to  the  west 
of  the  60  per  cent  "fixed  carbon”  line  of 
the  Carboniferous  coals:  whereas  com- 
mercial gas  fields  of  the  same  general 
group  of  strata  extend  farther  to  the 
southeast  but  are  on  the  whole  limited 
by  the  65  per  cent  "fixed  carbon”  line. 
Upper  Devonian  and  Carboniferous  oil 
and  gas  fields  in  Pennsylvania  have  not 
been  much  extended  by  subsequent  drill- 
ing: as  in  White's  day.  they  still  are 
restricted  to  the  northwestern  two-thirds 
of  the  area  northwest  of  the  Allegheny 
Front.  (Compare  Figure  2.'  Considered 
as  a whole  and  without  relation  to  indi- 
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vidual  geologic  horizons,  these  fields 
tend  to  form  an  oil  belt  and  a gas  belt 
strikingly  parallel  to  each  other,  to  the 
i.socarb  lines  of  the  Pennsylvanian  coals, 
and  to  the  Allegheny  Front  whose  trend 
expresses  the  strike  of  Appalachian  de- 
formation. 

On  the  basis  of  these  geographic  re- 
lationships, White  attributed  the  south- 
easterly changes  in  both  petroleum  and 
coal  to  increased  stresses  of  Appalachian 
mountain  making.  The  conditions  sug- 
gest, according  to  this  view,  that  there 
is  a parallel  between  increased  driving 
off  of  volatile  constituents  of  the  coals, 
and  breakdown  of  oil  into  heavy  hydro- 
carbons and  gaseous  fractions,  generally 
with  the  natural  gas  dispersed  from  the 
rocks  in  those  areas  where  the  coals 
measure  more  than  65  per  cent  in  fixed 
carbon. 

The  chemistries  of  both  the  coals  and 
petroleum  of  the  Pennsylvania  region 
change  in  a general  way  with  depth  as 
well  as  horizontally.  Within  the  Penn- 
sylvanian sediments,  there  is  decrease  in 
volatile  constituents  in  successively  deep- 
er coal  beds  of  comparable  type.  In  the 
petroleum  accumulations  of  these  and 
deeper  strata,  both  oil  and  gas  occur  in 
commercial  quantities  in  Upper  De- 
vonian horizons  of  northwestern  Penn- 
sylvania and  southwestern  New  York, 
whereas  in  geologically  deeper  Lower 
Devonian,  Silurian,  and  Middle  Ordo- 
vician productive  layers,  the  known  pools 
furnish  gas  but  not  oil.  Oil  does  occur  in 
more  westerly  extensions  of  these  deeper 
rocks,  in  Ohio  and  Ontario,  as  might  be 
expected  from  the  carbon-ratio  suppo- 
sitions. 

If  the  changes  at  successive  geologic 
depths  of  the  coal  and  petroleum  of  the 
region  represented  a non-complex  paral- 
lelism with  the  southeastward  geographic 
changes  in  the  shallower  Upper  De- 
vonian and  Carboniferous  occurrences, 
related  to  the  belts  of  Appalachian 
mountain-making  in  the  fashion  postu- 
lated by  White,  it  would  be  expected  that 
the  boundary  between  gas-bearing  and 
non  - gas  - bearing  areas  would  shift 
northwestwards  at  successively  deeper 
horizons.  However,  within  the  Upper 
Devonian  sequence  itself  the  limits  of 
occurrence  tend  to  shift  southeastwards 
rather  than  northwestwards  in  the  deep- 
er strata.  In  the  much  deeper.  Lower 
Devonian  Oriskany  sandstone,  several 
important  gas  fields  have  been  brought 
in  southeast  of  the  65  per  cent  fixed- 
carbon  line  that  approximates  the  limit 
of  discovered  Upper  Devonian  gas  pro- 
duction. (Compare  Finn,  1949.)  Even 
with  this  extension,  Oriskany  production 
in  Pennsylvania  is  bounded  by  the  70 
per  cent  fixed  carbon  line  of  the  Penn- 
sylvania coals;  but  this  seeming  limita- 
tion may  be  illusive  since  exploration 
southeast  of  the  line  has  been  retarded 
by  increasing  depth  of  the  formation. 

Southeastward  shift  of  the  margin  of 
gas  production  in  the  successively  deep- 
er Upper  Devonian  sands  would  not  be 
expected  from  the  carbon  ratio  hypothe- 
sis; localization  of  these  accumulations 
is  now  known  to  be  controlled  in  large 


degree  by  facies  of  sedimentation.  (Sher- 
rill, Dickey,  Matteson,  1941.)  The  south- 
eastward shift  of  discovered  occurrences 
in  the  still  deeper  Oriskany  sandstone 
presents  a further  anomaly.  Added  en- 
couragement for  questioning  the  carbon- 
ratio  hypothesis  and  for  favoring  some 
southeastward  extension  of  exploration 
comes  from  discovery,  southeast  of  the 
Allegheny  Front  in  Virginia,  of  the  Rose 
Hill  oil  field  in  the  Trenton  limestone  as 
well  as  of  the  Bergton  gas  field  in  the 
Oriskany  sandstone. 

With  specific  reference  to  the  Cambro- 
Ordovician  strata  of  the  Pennsylvania 
region,  it  may  be  that  the  considerable 
weight  of  overburden  at  the  time  of  Ap- 
palachian deformation  helped  to  close 
off  openings  through  which  escape  might 
otherwise  have  been  more  active.  Where 
thick  and  competent  dolomites  and 
limestones  served  as  reservoirs,  reactions 
to  both  mechanical  deformation  and 
chemical  modification  may  have  differed 
significantly  from  results  that  might 
have  developed  if  the  reservoirs  had  con- 
sisted of  quartzose  sands  comparable  to 
the  Oriskany,  or  of  somewhat  more  gray- 
wackyish  sands  such  as  those  of  the 
Upper  Devonian. 

In  summary,  both  depth  of  burial  and 
facies  relationships  may  have  induced, 
in  the  Cambro-Ordovician  strata,  pat- 
terns of  petroleum  occurrence  somewhat 
different  from  those  so  far  discovered 
in  geologically  higher  strata.  Exploration 
in  areas  neighboring  the  Allegheny  Front 
may  be  justifiable  on  a high  risk,  ven- 
ture basis,  and  will  be  necessary  for 
further  analysis  of  possibilities.  Even 
though  the  carbon  ratio  hypothesis  as 
developed  by  White  may  need  modifica- 
tion in  the  light  of  future  discoveries, 
the  basic  concept  that  southeastward 
extent  of  petroleum  occurrence  in  Penn- 
sylvania must  at  some  place  be  limited 
by  effects  associated  with  Appalachian 
deformation,  can  not  be  wholly  disre- 
garded. Since  only  gas  is  known  in  Low- 
er Devonian  and  geologically  deeper 
horizons  in  Pennsylvania  and  New  York, 
it  does  not  appear  likely  that  future  dis- 
coveries in  the  Cambro-Ordovician  of 
these  states  will  furnish  oil  in  significant 
amounts. 

Regional  Trends  of  the  Cambrian,  Or- 
dovician Sediments,  Northern  Appa- 
lachian Basin,  and  Relation  to 
Oil  and  Gas  Possibilities 

General  Features  of  the 
Cambro-Ordovician  Sediments 

Where  exposed  in  central  and  south- 
central  Pennsylvania,  Cambro-Ordovi- 
cian sediments  reach  a maximum  thick- 
ness of  about  15,000  feet.  (See  Figures 
3,  1.) 

Of  this  thickness,  the  basal  3,000  to 
4,000  feet  consist  of  quartzitic  sandstones, 
and  clay  shales  locally  metamorphosed 
to  phyllites;  the  median  8,000  to  10,000 
feet  are  composed  mostly  of  limestones 
and  dolomites  with  sandstone  interlayers 
in  the  middle  part;  and  the  upper  2,500 
to  3,000  feet  include  shales,  graywackyish 


sandstones,  some  conglomerates,  and 
reddish  shales  and  sandstones. 

The  Ordovician  sediments  thin  gradu- 
ally as  they  are  traced  from  outcrop 
belts  in  central  Pennsylvania  into  their 
subsurface  regions  in  western  Pennsyl- 
vania and  western  New  York. 

Information  is  more  scanty  about 
changes  taking  place  in  the  Cambrian 
sediments  as  they  extend  into  the  same 
subsurface  areas;  but  there  are  reasons 
to  believe  that  the  Cambrian  strata 
undergo  more  marked  reductions  in 
thickness,  chiefly  because  of  uncomform- 
able  disappearance  of  the  lower  beds. 
(See  Figure  3.) 

Subdivision  of  this  complex  of  sedi- 
ments into  Lower  Cambrian,  Middle  and 
Upper  Cambrian,  Lower  Ordovician, 
Middle  Ordovician  Chazy,  Middle  Ordo- 
vician Black  River  and  Trenton,  Middle 
and  Upper  Ordovician  shales,  and  Upper 
Ordovician  sandstone  and  red  bed  de- 
posits, is  indicated  in  Figure  3.  The 
regional  geology  of  each  of  the  subdi- 
visions is  hereinafter  discussed,  and  is 
illustrated  by  isopachous-isolithic  maps, 
as  a basis  for  consideration  of  oil  and 
gas  possibilities. 

The  manner  in  which  the  individual 
isolithic-isopachous  maps  have  been 
built  up,  is  well  exemplified  by  accom- 
panying diagrams  for  the  Lower  Ordo- 
vician Beekmantown  deposits.  Strati- 
graphic studies  of  the  type  illustrated  in 
Figure  10,  using  locally  established 
sections  correlated  by  fossil  faunas  and 
by  lithologic  continuity  or  interfingering, 
establish  changing  characters  of  the 
sediments  in  present-day  exposures,  and 
reveal  basic  trends  in  thicknesses  and 
facies  used  in  construction  of  the  pre- 
liminary map  of  Figure  8.  In  Figure  9, 
these  same  basic  trends  have  been  pro- 
jected farther  through  subsurface  areas, 
using  checks  and  balances  available  from 
the  few  deep  wells  that  have  penetrated 
Beekmantown  strata,  or  that  reached  the 
Beekmantown  horizon  and  found  rocks 
of  this  age-group  absent  by  uncon- 
formity. 

The  distribution,  thickness  variations, 
and  rock  characters  illustrated  in  com- 
paratively objective  fashion  in  maps  of 
the  type  shown  in  Figures  8 and  9,  re- 
flect the  geography  of  the  age,  and 
geographic  factors  of  sedimentation  are 
constantly  considered  in  their  con- 
struction. Such  maps  represent  solutions 
of  problems  of  ancient  geographies; 
changes  from  sand  deposits  to  clay  ma- 
terials and  to  limestones  and  dolomites, 
as  well  as  from  ma.ine  to  fresh  water 
sediments,  should  be  in  accord  with  the 
geographic  probabilities  that  are  conso- 
nant with  the  known  stratigraphic  facts. 

Reviewing  the  entire  accompanying 
suite  of  isopachous  and  isolithic  maps, 
several  major  structural  features  of  the 
ancient  platform  become  apparent. 
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Thf.'ic  |jr(iluundly  alft-fled  the  cour;>e  ul 
Cainbiu-0;dovician  .-.fdimentaH<jn 

ThruUKh  of  Cambru-Ordovician 

tiine.  a bell  of  .subsidence  cro.-  -ed  Penn- 
■sylvania  and  extended  le  rthi-  ■ .Lwards 
toward  Vermont.  For  long  period.-.,  ma- 
rine waters  flooded  exlen.sive  parts  of 
this  broadly  trough-like  area,  and  at 
times  spread  northwe.stward*;  in  a shal- 
low sheet  that  inundated  the  Cim  innali 
arch  of  lesser  downwarp  and  merged 
with  seas  of  Michigan  and  Indiana 
During  other  intervals,  the  Cincinnati 
arch-belt  was  gently  emergent,  exposing 
its  sedimentary  cover  to  shallow  weath- 
ering and  some  erosion. 

In  New  York,  the  Adirondack  area 
tended  to  remain  above  water,  and 
varied  geographically  from  an  eastward- 
ly  jutting  peninsula  to  a temporarily 
isolated  island. 

In  Upper  Cambrian  time,  land  surfaces 
on  the  north  furnished  sands  that  spread 
widely  in  the  shallow  seas.  By  the  middle 
of  the  Ordovician,  easterly  lands  began 
to  rise  and  suffered  increasingly  vigo.ous 
erosion,  so  that  geographic  outlines  and 
conditions  of  sedimentation  were  greatly 
altered. 

The  geographic  changes  that  marked 
successive  stages  of  the  Cambro-Ordo- 
vician  history  of  the  Pennsylvania 
region,  gave  rise  to  the  differing  sedi- 
mentary patterns  dosc.ibed  and  illus- 
trated on  succeeding  pages. 

Lower  Cambrian  Sediments 

In  Lower  Cambrian  time,  a trough- 
like depression  subsided  across  south- 
eastern Pennsylvania,  was  flooded  by 
shallow  seas,  and  received  sands  and 
clays  vigorously  eroded  from  neighbor- 
ing, rising  land  surfaces.  Before  the 
close  of  the  Lower  Cambrian  interval, 
however,  the  lands  had  been  reduced  to 
ijw  altitudes,  the  waters  of  the  trough 
became  clearer,  and  carbonate  sediments 
became  dominant. 

The  course  of  the  trough,  and  the 
history  of  its  subsidence  as  well  as  of 
elevation  and  erosion  of  adjacent  land 
areas,  are  recorded  in  the  accumulated 
sediments  that  now  crop  out  as  lithified 
rock  layers,  and  that  are  reconstructed 
in  Figure  4 to  show  approximately  the 
original  extent  and  thicknesses. 

In  the  South  Mountains  area  of  south- 
central  Pennsylvania,  thicknesses  of  4,000 
to  possibly  5,000  feet  are  reported  for 
Lower  Cambrian  strata.  The  lower  3,000 
to  4,000  feet  consist  of  sands  and  clays 
and  some  gravels:  upper  beds  are  com- 
posed of  limestones  and  dolomites  with 
subordinate  clays  and  sands.  The  lime- 
stone and  dolomite  formations  contain 
distinctive  Olenellus  trilobite  fossils,  and 
were  deposited  in  marine  waters.  In 
underlying  beds,  fossils  are  very  rare 
except  for  tubes  of  worms  that  may  have 
inhabited  muddy  and  sandy  tidal  flats. 
Sorting  and  separation  of  much  of  the 
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substantially  equivalent  sands  and  muds, 
and  good  cleansing  of  thick  deposits  of 
quartz  sands,  suggest  the  work  of  surf 
and  currents  of  extensive,  shallow  seas, 
rather  than  deposition  on  flood  plains 
or  in  estuaries. 

The  Lower  Cambrian  sediments  thin 
gradually  northeastwards  along  the  axis 
of  the  ancient  trough,  more  rapidly  in 
the  direction  of  the  margins.  In  eastern 
Pennsylvania,  they  include  basal  con- 
glomeratic quartzites  and  overlying, 
partially  recrystallized  limestones,  sub- 
equal  in  thickness.  In  the  southern  part 
of  the  Hudson  River  Valley  in  New  York, 
the  basal  quartz  sandrock  is  thinner,  the 
overlying  limestones  deformed  and  their 
thickness  uncertain.  Farther  north  in 
the  Hudson  River  Valley,  there  are 
about  a thousand  feet  of  sandy  Lower 
Cambrian  shales,  believed  to  have  been 
deposited  farther  to  the  east  and  moved 
to  their  present  location  by  Taconic 
overthrusting.  In  Vermont,  the  Lower 
Cambrian  is  composed  of  dolomites, 
sandy  dolomites,  and  some  quartzitic 
sandstones  and  slates. 

Northwestward  from  their  axis  of  thick 
development,  the  Lower  Cambrian  sedi- 
ments thin  out  and  disappear.  They  are 
missing  where  their  horizon  reaches 
ground  surface  along  the  margins  of  the 
Adirondack  Mountains,  as  well  as  in  On- 
tario north  of  Lake  Ontario.  (See 
Figure  4.)  They  are  absent  at  the  base 
of  Upper  Cambrian  formations  in  wells 
in  southwestern  Ohio,  northern  Ohio, 
and  in  Michigan.  They  reportedly  are 
absent  in  the  deep  well  at  Rochester, 
New  York,  in  the  Depew  No.  2 well  and 
George  Button  wells  nearer  Lake  Erie, 
and  in  several  deep  wells  drilled  to  the 
Pre-Cambrian  in  northern  Ohio  and 
southwestern  Ontario. 

Projection  of  the  Lower  Cambrian 
sediments  into  their  subsurface  exten- 
sions, and  prediction  of  changes  in 
thickness  and  rock  character,  are  hin- 
dered by  incomplete  knowledge  of  tex- 
tural patterns  of  the  detrital  sediments 
in  areas  of  exposure,  as  well  as  by  the 
great  distances  from  outcrop  belts  to 
the  deep  wells  that  have  reached  their 
horizon  but  found  them  missing.  The 
problems  along  the  outcrop  belts  largely 
result  because  of  difficulties  in  establish- 
ing close  age  correlations  and  directions 
of  interfingering  of  changing  facies  of 
sediments  of  closely  equivalent  ages. 

In  Vermont,  it  is  clear  that  during 
Lower  Cambrian  time  much  sand  was 
derived  from  the  Adirondack  region  on 
the  west.  Some  clays  and  other  sands 
concurrently  were  coming  from  low-lying 
lands  east  of  the  trough  of  sedimenta- 
tion. 

In  the  Hudson  River  Valley,  the  sandy 
shales  of  the  Taconic  overthrust  slices 
probably  represent  clays  and  sands  orig- 
inally derived  from  easterly,  eroding 


Lower  Cambrian  land  surfaces.  The 
basal  quartz  sands  of  the  Lower  Cam- 
brian farther  south  in  the  valley  could, 
however,  have  been  received  from  the 
west. 

In  southern  Pennsylvania,  the  thickest 
and  coarsest  Lower  Cambrian  gravel- 
bearing rocks  occur  in  the  middle  part 
of  York  County  and  adjacent  parts  of 
Lancaster  County,  east  of  the  South 
Mountains  where  pebbles  are  fewer  in 
number.  Within  the  South  Mountains 
area  itself,  some  clay  rocks  change 
northeastwards  and  eastwards  into  sand. 
These  changes  as  now  known  suggest 
derivation  of  the  detritals  from  easterly 
or  southeasterly  land  surfaces.  The  tex- 
tural pattern  is,  however,  obscured  by 
uncertainties  in  detailed  correlations.  A 
cogent  argument  might  be  developed 
that  much  detrital  material  could  have 
been  swept  in  from  the  north,  with  a 
gravel-rich  lobe  extending  southwards 
into  the  present  York  County  area. 

If  the  Lower  Cambrian  gravels,  sands, 
and  clays  of  the  southern  Pennsylvania 
region  actually  were  derived  from  the 
southeast,  there  should  be  decrease  in 
coarseness  as  well  as  thickness  of  detri- 
tals as  the  sediments  extend  under- 
ground to  the  north,  northwest,  and 
west  of  the  present-day  belts  of  outcrop. 
There  could  be  some  increase  in  pro- 
portion of  the  carbonate  rocks.  If  the 
detritals  were  chiefly  derived  from  the 
north  or  northwest,  then  the  detrital 
changes  in  the  subsurface  regions  would 
be  markedly  different,  with  northward 
coarsening  of  textures  and  probably 
more  rapid  northward  rate  of  dis- 
appearance. Further  information  will  be 
required  before  this  problem  can  be 
definitely  solved,  although  probabilities 
favor  derivation  from  the  southeast. 

Whatever  the  details,  it  is  reasonably 
certain  that  the  Lower  Cambrian  sedi- 
ments disappear  northward,  northwest- 
ward, and  westward  from  central  Penn- 
sylvania before  reaching  the  south  shore 
of  Lake  Ontario,  and  the  northern  and 
central  parts  of  Ohio.  Location  of  the 
line  of  zero  thickness  shown  crossing 
northern  and  western  Pennsylvania  in 
Figure  4 is  however  problematical;  it 
could  belong  50  or  even  as  much  as  100 
miles  farther  to  the  northwest,  though 
such  major  shift  to  the  south  is  less 
likely. 

Exposed  parts  of  the  Lower  Cambrian 
sediments  as  they  exist  today  are  af- 
fected by  metamorphism.  In  the  Chester 
Valley-Mine  Ridge  region  of  southeast- 
ern Pennsylvania,  the  Harpers  formation 
has  been  transformed  from  original  silty 
clay  into  an  albite-chlorite  schist;  the 
more  clayey  or  graywackyish  parts  of 
the  sand  sediments  also  are  schistose, 
and  the  limestones  and  dolomites  are 
partially  recrystallized  and  turned  at 
some  places  into  low-grade  marbles. 
Regional  metamorphism  persists  with 


some  decrease  in  intensity,  westwards  to 
the  South  Mountains  of  southcentral 
Pennsylvania. 

Oil  and  Gas  Possibilities  of 
The  Lower  Cambrian  Sediments 

Oil  and  gas  possibilities  of  subsurface 
parts  of  the  Lower  Cambrian  sediments 
of  Pennsylvania  and  New  York  are  af- 
fected by  both  favorable  and  unfavor- 
able factors.  Their  problems  are  further 
complicated  by  uncertainty  about  trends 
in  change  from  sands  to  clays  and  to 
carbonates.  Despite  the  difficulties,  sev- 
eral discernible  relationships  deserve  at- 
tention as  consideration  is  given  to  these 
deepest  Paleozoic  sediments. 

In  the  first  place,  the  carbonates  and 
some  of  the  highest  detritals  of  the 
Lower  Cambrian  of  outcrop  belts  in 
Pennsylvania  are  definitely  marine,  and 
much  of  the  subjacent  sands  and  clays 
probably  originated  in  marine  or  brack- 
ish waters.  Especially  if  the  detrital  sedi- 
ments were  chiefly  derived  from  the 
southeast,  it  is  likely  that  the  northerly 
and  westerly  subsurface  extensions  are 
marine  or  estuarine,  deposited  in  a shal- 
low trough  that  may  at  times  have 
reached  widths  of  100  to  200  miles.  The 
general  nature  of  the  sediments  suggests 
that  they  included  possible  source  and 
reservoir  deposits. 

Much  of  the  transformation  into  pe- 
troleum of  any  suitable  organic  matter 
in  the  Lower  Cambrian  sediments,  is 
likely  to  have  occurred  by  Middle  Paleo- 
zoic time.  By  that  stage,  structures  were 
developing  that  should  have  affected 
migration.  Shifting  position  of  the  axis 
of  greatest  subsidence  and  sedimentation 
to  and  fro  between  southeastern  and 
central  Pennsylvania,  warped  the  Lower 
Cambrian  and  may  have  produced 
structui'es  favorable  for  localization  of 
oil  or  gas  accumulations.  Northwest  of 
the  Allegheny  Front,  on  the  other  hand, 
the  Paleozoic  sediments  thinned,  and  an 
appreciable  northwesterly  rise  was  being 
developed  favorable  to  updip  petroleum 
migration  in  any  permeable  horizons. 
Updip  migrations  so  far  as  they  occurred 
were  impeded  chiefly  by  discontinuities 
of  permeability,  that  may  be  especially 
marked  toward  the  northwesterly  pinch- 
out  margin  of  the  Lower  Cambrian  sedi- 
ments. (See  Figure  4.)  Whether  there 
were  in  this  belt  any  early-stage  arches 
sufficient  to  interfere  with  the  north- 
westerly migration  is  unknown.  Con- 
figuration of  the  sub-Cambrian  surface, 
and  its  effect  on  structures  in  the  Cam- 
brian strata,  also  cannot  be  judged. 

Even  if  the  bulk  of  the  Lower  Cam- 
brian detritals  was  derived  from  the 
southeast,  it  is  likely  that  some  sands, 
favorable  as  potential  reservoirs,  were 
washed  into  the  trough  from  the  north- 
west. 

In  their  belts  of  outcrop  in  southeast- 
ern Pennsylvania,  the  Lower  Cambrian 
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sediments  are  affected  by  strong  regional 
metamorphism,  probably  Late  Paleozoic 
in  age  for  the  most  part.  The  meta- 
morphic  effects  gradually  diminish 
toward  the  west  and  north.  As  far  west 
as  the  South  Mountains  near  Gettys- 
burg, metamorphism  is  so  marked  that 
any  oil  and  gas  accumulations  must  have 
been  dispersed.  Metamorphic  effects  ex- 
pectedly will  persist  farther  to  the  north 
and  west  in  these  deep  strata  than  in 
younger  and  shallower  parts  of  the 
Paleozoic  succession,  and  likelihood  of 
petroleum  in  the  Lower  Cambrian  does 
not  appear  good,  in  the  southeasterly 
half  at  least,  of  the  folded  Appalachians. 

At  and  northwest  of  the  Allegheny 
Front  in  Pennsylvania,  the  Lower  Cam- 
brian sediments  lie  at  great  depth,  the 
order  of  magnitude  about  four  miles. 
Farther  northwest  the  depth  gradually 
diminishes,  but  even  near  the  margin  of 
the  strata  as  drawn  in  Figure  4,  it  will 
be  about  two  to  two  and  a half  miles. 
Hence,  although  this  marginal  region 
appears  to  be  the  most  favorable  belt 
for  any  Lower  Cambrian  petroleum  oc- 
currences, the  depth  will  discourage  ex- 
ploration. 

Middle  and  Upper  Cambrian 
Sediments 

The  Middle  Cambrian  seas  of  the 
Pennsylvania  region  were  comparable  to 
those  of  the  Lower  Cambrian  in  size  and 
geographic  distribution.  In  Upper  Cam- 
brian time,  however,  the  areas  of  sub- 
sidence and  submergence  were  greatly 


broadened,  so  that  sedimentation  spread 
far  to  the  northwest  of  its  earlier  limit.s. 
extending  across  most  of  Pennsylvania, 
New  York,  Ohio,  and  southwestern  On- 
tario, to  and  beyond  Michigan. 

Even  in  the  most  widespread  stages  of 
Upper  Cambrian  flooding,  a small  dome 
was  emergent  in  the  western  Adiron- 
dacks,  and  deposition  seems  to  have  been 
lacking  along  part  of  the  Cincinnati  or 
Algonquin  line  northwest  of  present 
Lake  Ontario.  Absence  of  Upper  Cam- 
brian sediments  in  some  of  these  areas 
may  involve  post-Cambrian  erosion,  and 
post-depositional  erosion  may  also  have 
modified  Upper  Cambrian  formations  in 
southeastern  Pennsylvania.  (See  Figures 
5,  6.) 

The  isopachous  lines  of  Figure  5 show 
approximate  thickness  distributions  for 
the  combined  Middle  and  Upper  Cam- 
brian sediments  of  the  region.  Middle 
Cambrian  deposits  may  well  be  confined 
to  the  area  south  of  the  2,000-foot  line 
that  crosses  northwestern  Pennsylvania. 
Where  thicknesses  of  the  combined 
Middle  and  Upper  Cambrian  sediments 
range  from  3,000  to  4,000  feet,  the  Middle 
Cambrian  as  understood  varies  from 
about  500  to  1,500  feet. 

The  thickness  variations  of  the  Middle 
and  Upper  Cambrian  reflect  the  geogra- 
phy of  major  tectonic  elements  of  the 
ancient  platform  of  sedimentation.  The 
Cincinnati-Algonquin  axis  is  an  axis  of 
thinning  of  the  sediments,  and  probably 
of  shoaling  and  occasional  emergence.  A 
dome  persisted  in  the  western  Adiron- 
dacks.  The  axis  of  maximum  thickness 
crossing  southeastern  Pennsylvania  pre- 


Figure  4. — Preliminary  isopachous  map  of  Lower  Cambrian  sediments.  Dashed 
lines  in  the  Adirondack  area  and  in  Ontario  show  outcrop  belts  along  whicli  Lower 
Cambrian  strata  are  missing  by  unconformity. 


.sumably  reflect.s  the  average  axis  of 
maximum  subsidence;  It  may  in  IhLs  In- 
.siance  approximate  the  average  axLs  of 
deepe.st  water,  since  it  wa.s  a region  of 
slowly  deposited  carb<jnates  and  not  (it 
rapidly  depasited  detntaLs  The  axis  of 
deeiiest  water  probably  shifted  consider- 
ably during  the  long -continued  period  <>1 
Middle  and  Upper  Cambrian  sedimenta- 
tion. 

The  Middle  and  Upper  Cambrian  .sedi- 
ments represented  in  Figure  5 predttmi- 
nantly  were  deposited  b>’  marine  to 
perhaps  somewhat  brackish  waters  The 
reddish  arkosic  Jacobsvllle  .sandstone  at 
the  base  of  the  Upper  Cambrian  of 
Michigan  may  have  been  dep;;.Mted  b;. 
fresh  waters;  it.s  clas.sification  as  Upper 
Cambrian  also  remains  questionable 
Reddish  arkosic  sandstones  of  the  lower 
Potsdam  of  the  northern  and  northea.st- 
ern  flanks  of  the  Adirondacks  may  also 
be  largely  non-marine. 

Middle  Cambrian  sediments  where 
known  in  Pennsylvania  consist  mostly 
of  carbonates.  Lands  neighbc,ring  the 
trough-region  were  low  and  furnLshed 
little  detritus.  Some  clay  did  mingle  with 
carbonates  of  the  Elbrook  limestone  of 
southeastern  Pennsylvania,  and  of  the 
low'er  half  of  the  Pleasant  Hill  limestone 
of  the  central  part  of  the  state.  'See 
Figure  6.1 

The  broadening  subsidence  of  Upper 
Cambrian  time  was  accompanied  by 
moderate  upwarp  of  northerlv  lands,  so 
that  quartzose  sands  transported  onto 
the  platform  of  deposition  were  moved 
southeastward,  progressively  decreasing 
in  proportion  in  the  sediment.  Sands 
form  a third  to  a half  of  the  Upper 
Cambrian  of  Michigan,  southwestern 
Ontario,  and  northern  Ohio;  about  a 
quarter  of  the  Upper  Cambrian  of  the 
Arcade  well  of  western  New  York;  they 


Figure  ,S. — Preliminary  i.oparhous  and  i.olitliir  map  of  l,4>wrr  Ordo.irian 
B.ekmantown  .edimenl.  as  based  on  lertioni  along  oillrrop  Iwlls  in  ihr  Pennss I\ ania- 
.New  York  region.  The  map  is  figured  here  to  illu.lrate  a basic  step  in  drsrlopnienl 
of  the  more  conii>lple  map  in  Figure 
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are  reduced  to  less  than  a tenth  of  the 
mass  in  the  Upper  Cambrian  strata  of 
central  Pennsylvania,  and  virtually  are 
lacking  in  the  Upper  Cambrian  of  south- 
eastern Pennsylvania.  The  Upper  Cam- 
brian sands  thickly  developed  along  the 
northeastern  flank  of  the  Adirondacks  of 
New  York,  seem  in  large  degree  to  have 
developed  independently  of  the  sands 
farther  to  the  west  and  southwest. 

The  greater  part  of  the  Upper  Cam- 
brian detritals  of  the  general  region  are 
quartz  sands  with  surprisingly  small  pro- 
portions of  other  materials.  In  Michigan, 
minor  shales  are  present,  and  some  clay 
is  represented  in  subordinate  shaly  sand- 
stones and  shaiy  dolomites.  Some  por- 
tions of  both  the  sandstones  and  dolo- 
mites of  Michigan  are  giauconitic.  Along 
the  flanks  of  the  Adirondacks,  initial 
sands  largely  are  arkosic,  higher  sands 
clean-washed  and  quartzose. 

In  the  Michigan  region,  some  of  the 
.sands  in  the  lower  part  of  the  Upper 
Cambrian  probably  were  derived  by  rela- 
tively local  reworking  of  weathered  and 
perhaps  wind-sorted  detritus  of  the  plat- 
form of  sedimentation.  Some  sands  of 


higher  parts  of  the  Upper  Cambrian 
were  formed  from  older  Upper  Cambrian 
layers,  exposed  by  shifts  in  margins  of 
the  seas.  Such  reworking  on  the  plat- 
form of  sedimentation  may  have  helped 
to  move  sands  southeastwards  toward 
central  Pennsylvania.  Complication  in 
sedimentation  of  sands  in  the  Upper 
Cambrian  of  central  Pennsylvania  as 
compared  to  Michigan,  southwestern 
Ontario,  and  northern  Ohio,  is  evidenced 
by  the  fact  that  in  central  Pennsylvania 
sands  are  more  common  in  the  upper 
half  of  the  Upper  Cambrian,  whereas  in 
the  more  northwesterly  areas  they  domi- 
nate the  lower  but  fiot  the  upper 
portion.  The  sands  of  the  Upper  Cam- 
brian of  central  Pennsylvania  were 
brought  in  recurrently,  so  that  they  are 
interbedded  with  thicker  sequences  of 
non-sandy  dolomites.  In  the  Hollidays- 
burg  quadrangle  region  (Butts,  1945 », 
two  thin  sandstone  tongues  are  repre- 
sented in  the  Warrior  limestone;  sand- 
stone interlayers  are  much  more  nu- 
merous in  the  Gatesburg  formation.  (See 
Figure  6.) 

The  lithologic  patterns  used  in  Figure 


5 portray  characters  of  the  Upper  Cam- 
brian sediments.  It  is  a striking  feature 
of  the  region  that  the  dominant  Upper 
Cambrian  carbonates  are  dolomites. 
Limestones  become  prominent  along  a 
belt  crossing  southeastern  Pennsylvania, 
and  extend  in  decreasing  proportions 
into  central  Pennsylvania.  (See  both 
Figures  5 and  6.)  In  the  writer’s  opinion, 
dolomitization  was  for  the  most  part 
completed  while  the  carbonates  were 
fresh  on  the  sea  floor,  and  distribution 
of  the  dolomites  and  limestones  reflect 
features  of  the  ancient  geography  of 
sedimentation.  It  is  less  clear  whether 
the  dolomite-limestone  pattern  was  gov- 
erned by  depth,  salinity,  temperature,  or 
current  systems  of  the  ancient  sea 
waters.  The  dolomite-limestone  patterns 
of  the  Upper  Cambrian,  Lower  Ordovi- 
cian Beekmantown,  and  Middle  Ordo- 
vician Black  River-Trenton  sediments  all 
involve  increase  in  dolomites  toward  the 
west,  of  limestones  toward  the  east  or 
southeast.  In  the  Black  River-Trenton 
rocks,  dolomitization  appears  to  be  re- 
lated to  shoaling  of  the  water.  Shoaling 
may  however  be  only  an  indirect  factor, 


r>.  isiipj, clic IIS  mill  isiililhir  map  iif  Mnld!i'  ami  Upper  Cambrian  sedimenls.  Slippling  imlicaies  samlsliines,  nblique  brirk-type  pattern  represents 

il  linnite...  In, riz.' nta I lirilk-type  pattern  signifies  limestones.  Outcrop  areas  are  oullineil  in  central  and  sontheastern  Pennsylvania  and  northeastern  New  York;  dashed  line.s 
in  \'-w  ^ ork  and  Ontario  show  nntcro|)  belts  where  both  Middle  and  Upper  Cambrian  beds  disappear  by  unconformity.  In  subsurface  areas  in  northwestern  Pennsylvania 
and  '.ulhwestern  New  \ ork.  sub.sea  elevations  at  the  summit  of  the  Upper  Cambrian  are  shown  by  dashed-line  contours. 
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parts  of  llip  Elhrook  are  Middle  Cambrian.  Higher  formations  are  Upper  Camltrian.  except  tliat  the  I arke  dolo- 
mite is  Lower  Ordovician  and  the  Mines  has  been  so  classed  in  a few  publications. 


associated  with  temperature,  evapora- 
tion, salinity,  and  current  distributions. 

Oil  and  Gas  Possibilities  of  the 
Middle  and  Upper  Cambrian  Sediments 

The  sandy  dolomites  of  the  Upper 
Cambrian  of  subsurface  areas  in  western 
and  northern  Pennsylvania  and  south- 
central  and  western  New  York,  afford 
favorable  prospects  for  reservoir-type 
porosities.  The  regional  dip  of  these  deep 
strata  reduces  possibilities  of  structural 
closure,  and  thus  make  reservoir  trap- 
ping increasingly  dependent  upon  per- 
meability pinch-outs.  Source-bed  possi- 
bilities are  difficult  to  judge,  but  it  is  at 
least  probable  that  the  Upper  Cambrian 
strata  accumulated  under  varyingly  ma- 
rine to  brackish  water  conditions,  and 
that  subjacent  marine  strata  thicken 
toward  the  south. 

Fluids  have  been  encountered  in  the 
Upper  Cambrian  sandstones  and  dolo- 
mites in  several  deep  wells  in  western 
Pennsylvania  and  western  New  York, 
giving  assurance  of  appreciable  porosity. 
In  the  J.  Childs  No.  1 well  in  western 
Pennsylvania,  there  was  a slight  showing 
of  gas  and  oil  and  a little  salt  water  at 
5,185  to  5,188  feet,  and  more  salt  water 
at  5,188  to  5,191  feet  that  rose  3,000  feet 
in  the  hole.  In  the  Hockenberry  well 
there  was  a showing  of  gas  in  Upper 
Cambrian  dolomite  at  9.746  to  9,771  feet, 
a little  salt  water  at  10.092  feet.  In  the 
Wilson  well  at  Arcade,  New  York,  salt 
water  entered  the  well  fromi  Upper  Cam- 
brian sandstone  at  6,375  to  6,395  feet, 
and  at  7,040  feet  there  was  more  salt 
water  that  rose  5,500  feet.  These  fluids 
suggest  that  the  Upper  Cambrian  sand- 
stones and  dolomites  have  definite  pos- 
sibilities as  potential  oil  or  gas  reservoir 
beds. 


Due  to  the  northwesterly  convergence 
of  the  Paleozoic  strata,  average  regional 
rise  of  bedding  in  western  and  northern 
Pennsylvania  and  western  New  York  is 
greater  in  deeper  than  in  shallower  beds, 
and  will  tend  in  the  Upper  Cambrian  to 
reduce  structural  closures  present  in 
higher  strata.  This  effect  may  be  count- 
erbalanced if  anticlinal  structures  in- 
crease in  amplitude  with  depth  due  to 
Paleozoic  arching,  or  to  forcible  uplift 
from  the  deep  basement. 

The  present  average  regional  dips  in 
western  and  northern  Pennsylvania  and 
western  New  York,  have  been  accentu- 
ated by  Late  Paleozoic  and  perhaps  some 
post-Paleozoic  tilting.  Regional  south- 
easterly dip  or  northwesterly  rise  must 
have  been  appreciably  developed  in  the 
Upper  Cambrian  strata  during  Paleozoic 
time,  and  may  have  been  sufficient  to 
allow  extensive  early-stage  updip  migra- 
tions of  oil  and  gas,  provided  that  water- 
drive  was  active  in  this  direction.  Per- 
meability wedge-outs  associated  with 
lensing  out  of  sand  layers  or  with 
margins  of  leach-zones,  may  have  served 
as  the  chief  barriers  to  updip  loss  of 
petroleum  during  the  Paleozoic  history 
of  the  sediments,  and  doubtlessly  have 
had  important  effects  on  any  present- 
day  reservoir  locations.  Significance  of 
early-stage  arching,  and  possible  rela- 
tion to  dip  reversals  and  local  porosity 
changes,  remains  uncertain. 

Parts  of  the  Upper  Cambrian  sedi- 
ments are  believed  to  have  been 
emergent  in  Early  Ordovician  and  in 
Chazyan  time.  (See  Figure  7.)  Since  the 
Beekmantown  region  of  sedimentation  is 
showm  in  maximum  extent  in  Figure  7, 
possibilities  of  emergence  and  leaching 
of  the  Upper  Cambrian  sediments  ex- 
tends into  the  marginal  Beekmantown 
areas.  Such  leached  zones  if  developed 


may  have  given  rise  to  residual  sand.s 
porous  through  extensive  belts. 

Sandy,  originally  porous  Upper  Cam- 
brian strata  occur  not  only  in  northern 
and  western  Penn.sylvania.  but  also  ex- 
tend into  the  folded  Appalachians  south- 
east of  the  Allegheny  Front.  Possibilities 
of  both  early-stage  and  late-stage  struc- 
tui'al  trapping  are  improved  in  the  fold- 
ed area.  There  are  a number  of  impor- 
tant anticlinal  belts  in  which  Upper 
Cambrian  strata  occur  under  reasonably 
good  protective  cover,  without  being  at 
depths  excessive  for  testing.  At  the  same 
time,  likelihood  is  increased  of  dissipa- 
tion associated  with  Appalachian  de- 
formation. 

Northwest  of  the  Allegheny  Front,  the 
Upper  Cambrian  extends  for  some  miles 
at  depths  exceeding  15,000  feet.  Farther 
to  the  north  and  northwest,  the  strata 
gradually  rise  to  shallower  levels,  their 
approximate  elevations  being  shown  in 
Figure  5 by  dashed-line  structural  con- 
tours. Exploration  will  be  discouraged  in 
the  deeper  areas  because  of  high  cost  of 
test  wells. 

Lower  Ordovician 
Beekmantown  Sediments 

The  tectonic  elements  evident  in  the 
Upper  Cambrian  geography  of  the  Penn- 
sylvania-New York-Ohio-Ontario-Mich- 
igan  region,  persisted  in  modified  form 
into  Lower  Ordovician  Beekmantown 
time,  but  with  changes  important  both 
for  sedimentation  and  oil  and  gas  possi- 
bilities. 

The  Cincinnati-Algonquin  arch  be- 
came broadly  though  gently  emergent, 
exposing  Upper  Cambrian  sediment.^ 
over  wide  areas,  so  that  depending  on 
altitude  of  land  they  were  subject  in 
some  degree  to  weathering  and  erosion 
(See  Figures  7,  9.'  The  Adirondack  dome 
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lormed  a broad,  eastwardly  projecting 
peninsula.  The  axis  of  maximum  thick- 
ness of  sediment  and  perhaps  roughly 
of  greatest  subsidence  crossed  central 
Pennsylvania,  and  was  parallel  to  but 
northwest  of  its  average  location  during 
Middle  and  Upper  Cambrian  deposition. 

The  sediments  deposited  in  this  geo- 
graphic setting  are,  so  far  as  known,  all 
marine.  They  reach  a maximum  thick- 
ness of  about  4,000  feet  in  central  Penn- 
sylvania, and  thin  elsewhere  along  the 
northeast-southwest  axis  of  greatest 
thickness,  as  well  as  to  the  northwest 
and  southeast  toward  the  margins  of  the 
trough.  The  trough  extended  northeast- 
ward across  southeastern  New  York  into 
Vermont,  the  connecting  area  not  well 
known.  In  the  Albany  region  of  eastern 
New  York,  there  are  Beekmantown 
Deepkill  shales,  believed  to  have  been 
thrust  with  associated  rocks  of  the 
Taconic  slices  westwards  from  their  pre- 
sumed more  easterly  locus  of  sedimenta- 
tion. 

Beekmantown  sediments  are  believed 
to  be  absent  across  southwestern  Ontario 
and  across  much  of  Ohio,  reappearing 
again  in  western  Ohio.  The  belt  of 
emergence  represents  the  Cincinnati- 
Algonquin  arch,  here  developed  to  the 
east  of  its  present-day  position. 

The  known  Beekmantown  sediments  of 
the  region  are  almost  wholly  carbonates, 
and  dominantly  are  dolomites.  A band 
higher  in  its  proportion  of  limestone 
crosses  southeastern  Pennsylvania.  In 
central  Pennsylvania  the  carbonates  are 
about  three-quarters  dolomite,  about 
one-quarter  limestone;  the  dolomites 
however  consist  of  medium-magnesian 
rather  than  high-magnesian  rocks,  and 
so  could  be  termed  magnesian  lime- 
stones. 

Limestones  and  dolomites  are  subequal 
in  Vermont  and  northeastern  New  York, 
on  the  eastern  and  northern  flanks  of 
the  Adirondacks.  In  western  Ohio,  the 
reported  Beekmantown  beds  are  dolo- 
mites. 

As  in  the  case  of  the  Upper  Cambrian 
sediments,  the  writer  believes  that  the 
dolomite-limestone  pattern  of  the  Beek- 
mantown deposits  reflects  the  geography 
of  sedimentation  and  not  of  more  for- 


tuitous post-depositional  geologic  activ- 
ities. Role  of  the  factors  that  may  have 
controlled  distribution  of  the  facies  re- 
mains, however,  uncertain.  In  the  Black 
River-Trenton  sediments,  relation  of  the 
dolomites  to  arches  and  to  the  margins 
of  the  Michigan  basin  suggest  that  the 
dolomites  developed  along  areas  of 
shoaling.  In  the  Beekmantown  sedi- 
ments, however,  flat-pebble  or  edgewise 
conglomerates,  believed  to  have  de- 
veloped on  tidal  flats,  are  strikingly  dis- 
played in  early  Beekmantown  limestones 
both  in  central  and  southern  Pennsyl- 
vania. Salinity  of  the  waters  of  deposi- 
tion may  for  example  be  a vital  factor, 
that  may  be  affected  in  part  by  shoaling, 
but  also  in  part  by  the  current  and 
temperature  patterns  and  other  geo- 
graphic features  of  the  ancient  seas. 

Detritals  are  strikingly  subordinate  in 
the  Beekmantown  sediments  of  the 
Pennsylvania-New  York  region. 

Along  the  southern  margin  of  the  Adi- 
rondacks, the  thin  wedge-edge  of  the 
Beekmantown,  locally  termed  Tribes  Hill 
formation,  contains  some  quartz  sand 
presumably  worn  from  the  Adirondack 
area  and  possibly  reworked  from  the 
Upper  Cambrian. 

More  extensively  than  is  now  known, 
sands  may  have  been  reworked  from 
Upper  Cambrian  strata  exposed  along 
the  emergent  Cincinnati-Algonquin  arch, 
and  carried  into  what  now  are  subsur- 
face parts  of  the  Beekmantown  of 
northwestern  Pennsylvania  and  western 
New  York.  In  well  records,  such  sandy 
deposits  would  be  classed  as  Upper 
Cambrian,  for  want  of  means  of  closer 
age  identification.  A thin  sandstone 
member  in  the  upper  part  of  the  Beek- 
mantown in  central  Pennsylvania  may 
represent  a tongue  of  such  reworked 
sands.  It  is,  however,  reasonably  clear 
that  the  Upper  Cambrian  sandy  strata 
could  not  have  been  greatly  elevated  in 
the  Cincinnati  arch  area,  or  they  would 
have  suffered  deeper  erosion  and  would 
have  left  a more  striking  record  in  the 
Beekmantown  sediments. 

Along  their  most  southeasterly  crops 
in  Pennsylvania,  the  Beekmantown  lime- 
stones contain  increased  amounts  of 
clay.  They  may  largely  have  graded  into 


a clay  facies  farther  in  this  direction, 
and  if  so  the  clay  beds  may  be  repre- 
sented within  the  metamorphic  rocks 
known  as  the  Wissahickon  schist.  Some 
shales  with  Beekmantown-age  grapto- 
lites  have  been  reported  near  Harrisburg, 
but  their  paleo-geographic  relationships 
are  still  uncertain. 

Oil  and  Gas  Possibilities  of  the  Lower 
Ordovician  Beekmantown  Sediments 

The  Lower  Ordovician  Beekmantown 
sediments  of  the  Pennsylvania-New  York 
region  comprise  a thick  and  extensive 
body  of  carbonate  rocks,  having  definite 
possibilities  of  porous  zones  suitable  for 
petroleum  reservoirs. 

In  outcrops  in  Pennsylvania,  the 
Beekmantown  sediments  dominantly  are 
limestones  in  a belt  crossing  the  south- 
eastern part  of  the  state,  but  largely 
consist  of  dolomites  or  dolomitic  lime- 
stones along  the  Nittany  Valley  arch 
near  the  Allegheny  Front  (see  Figures 
9,  10).  The  dolomites  appear  to  have 
more  promise  as  reservoirs  than  do  the 
limestones.  It  is  likely  that  the  dolo- 
mitic facies  will  persist  through  much  of 
the  subsurface  extensions  of  the  Beek- 
mantown, in  the  general  fashion  illus- 
trated in  Figure  9. 

Some  layers  of  the  Nittany  dolomite 
formation  of  the  lower  half  of  the  Beek- 
mantown group  of  central  Pennsylvania, 
contain  numerous  vug-type  openings. 
Insofar  as  such  openings  are  inherited 

Figure  T.--Map  showing  progressive  recession  in 
areas  of  sedimenlali.  n frcjti  Upper  Canilirian  to  Lower 
Ordovician  Beekmantown  and  to  Middle  Ordovician 
Chazyan  time.  Widely  spaced  ob!i<iue  lines  show  areas 
»if  Upper  Cambrian  sediments:  iiorizontal  lines  show 
areas  of  Beekmantown  sediments;  closely  spaced  ob- 
lique lines  sliow  areas  of  Chazyan  sediments. 

Figure  9. — Preliminary  isopachous  and  isolithic 
map  ol  Ivowcr  Ordovician  Beekmantown  sediments, 
extended  beyond  area  of  Figure  9 by  incorporating 
data  from  deep  wells  Obli<|ue  brick-type  pattern 
represents  dolomites;  horizontal  brick-type  pattern  in- 
dicates limestones.  Stippling  along  southern  margin  of 
the  Adirondaj’k  area  represents  (]uarlz  sand  of  the 
thin  Theresa  dolomites;  stippling  in  more  westerly 
area  suggests  possibilities  of  lenses  of  quartz  sand  re- 
worked from  emergent  Upper  Cambrian  of  Cincinnati 
arch. 

Figure  11. — Preliminary  isopachous  map  of  Middle 
Ordovician  (Chazyan  sediments.  Depv.si(s  of  the  eastern 
area  are  almost  wholly  limestones,  except  for  the  Nor- 
manskill  shale  of  the  Tac<nic  slices  near  Albany  in 
eastern  New  York.  In  Michigan,  sonic  of  the  marginal 
area  of  the  St.  Peter  sandstone,  of  presumed  Chazyan 
age,  is  indicated  by  stippling. 
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from  early  stages  of  the  rock’s  history, 
they  are  a promising  source  of  reservoir 
porosities,  especially  in  more  crystalline 
varieties  of  the  dolomite  where  permea- 
bility is  somewhat  enhanced.  Cavities  in 
some  outcropping  ledges,  however,  con- 
tain residues  suggesting  that  part,  at 
least,  of  the  openings  have  been  enlarged 
by  modern  weathering. 

Finer  textured  dolomites  of  the  Beek- 
mantown  sequence,  especially  beds  of 
the  Bellefonte  formation  as  seen  in  cen- 
tral Pennsylvania,  are  commonly  trav- 
ersed by  many  joints,  giving  possibility 
of  late-stage  porosity.  Early-stage  po- 
rosity such  as  that  possibly  represented 
in  the  Nittany,  has  more  promise  for  oil 
and  gas  in  the  Beekmantown  as  a whole, 
even  if  jointing  has  favored  some  redis- 
tribution. 

Other  possibilities  of  early-stage  reser- 
voir porosity  in  Beekmantown  sediments, 
are  afforded  by  the  chance  that  sand 
lenses  were  produced  in  northwesterly 
marginal  areas  by  reworking  of  Upper 
Cambrian  sediments  exposed  in  the  Cin- 
cinnati arch  region.  (See  Figures  7.  9). 
Furthermore,  the  northwestward  thin- 
ning and  eventual  disappearance  of  the 
Beekmantown  should  be  related  to  un- 
conformities that  may  locally  have  in- 
creased leach-porosities  in  some  of  the 
dolomite  beds. 

The  Beekmantown  sediments,  like  the 
other  Cambro-Ordovician  strata  of  the 
region,  developed  during  the  course  of 
Paleozoic  sedimentation  a northwesterly 
rise  in  northwestern  Pennsylvania  and 
western  New  York.  This  rise  favored 
northwesterly  migration  of  oil  and  gas, 
within  the  realms  of  any  permeable 
zones,  provided  the  dip  was  not  locally 
reversed  by  arches. 

Subsurface  portions  of  the  Beekman- 
town dolomites  thus  give  considerable 
promise  of  porous  and  permeable  zones 
potentially  suitable  as  petroleum  reser- 
voirs, and  appear  to  include  some  of  the 
more  likely  horizons  for  oil  and  gas  oc- 
currence, when  comparisons  are  being 


made  with  other  of  the  Cambro-Ordo- 
vician sediments  of  the  region. 

Relation  to  possible  petroleum  source 
beds  is  less  readily  judged.  However,  the 
Beekmantown  sediments  as  a whole  are 
marine  sediments,  and  are  underlain  by 
marine  sediments. 

Prediction  of  details  of  geographic  po- 
sition of  porous  zones  favorable  for 
petroleum  accumulation  is  insecure.  Un- 
conformities favorable  for  leach-zone 
porosities  are  increasingly  developed 
toward  the  northwest,  but  the  section  is 
thicker  in  the  neighborhood  of  the  Alle- 
gheny Front  and  of  Nittany  Valley.  If 
there  was  early-stage  arching,  local 
lifting  of  the  surface  during  emergent 
stages  would  have  favored  local  deepen- 
ing of  weathered  zones. 

Possibilities  of  porous  sands  reworked 
from  Upper  Cambrian  exposures  of  the 
Cincinnati  ai’ch,  should  improve  in 
northwesterly  parts  of  the  Beekman- 
town. 

Distribution  of  any  vug-type  cavities 
that  developed  in  the  course  of  Beek- 
mantown sedimentation,  is  not  under- 
stood. The  known  vug-type  openings  in 
Nittany  Valley  are  of  course  found  in 
the  area  of  thickest  Beekmantown  de- 
posits, not  toward  the  thinned  margins. 

Depth  of  the  Beekmantown  through 
most  of  its  area  of  subsurface  occur- 
rence northwest  of  the  Allegheny  Front, 
is  an  important  hindrance  to  explora- 
tion. At  the  Front,  the  depth  may  be 
around  three  miles.  As  far  west  as  the 
Hockenberry  well  in  western  Pennsyl- 
vania, the  top  of  the  Beekmantown  dolo- 
mites is  9,558  feet  below  the  surface;  at 
the  Arcade  No.  1 well  in  western  New 
York  the  depth  is  6,121  feet. 

Middle  Ordovician  Chazyan  Sediments 

Recession  of  the  Appalachian  seaways 
that  marked  Early  Ordovician  Beekman- 
town as  compared  to  Upper  Cambrian 
sedimentation,  progressed  still  farther 
during  Middle  Ordovician  Chazyan  time. 
Accordingly,  Chazyan  limestones  are  re- 
stricted to  a belt  of  moderate  width 


crossing  central  Pennsylvania  and  ex- 
tending northeastwards  into  Vermont 
and  St.  Peter  sandstones  of  supposec 
Chazyan  age  extend  westwards  from  e 
line  crossing  southeastern  Michigan  anc 
Indiana.  Thus  the  general  Cincinnat 
arch  region  was  broadly  emergent,  anc 
its  land  surface  connected  eastwards 
with  the  gently  upwarped  Adirondack 
area.  (See  Figures  7,  11.) 

In  southcentral  Pennsylvania,  the 
Chazyan  limestones  attain  thicknesses  as 
great  as  1,000  feet  or  slightly  more.  The 
axis  of  ,i'reatest  thickness  apparently 
extends  northeastwards  into  the  sub- 
surface area  of  northeastern  Pennsyl- 
vania, and  thence  across  southeastern 
New  York  to  the  typo  area  of  the  New 
York-Vermont  border,  where  thicknesses 
of  nearly  1,000  feet  are  recorded. 

Along  the  outcrop  belt  in  eastern 
Pennsylvania,  the  Chazyan  limestones 
thin  and  then  disappear  by  unconform- 
ity. Along  the  Nittany  arch  in  central 
Pennsylvania,  the  limestones  are  thinner 
than  in  the  southcentral  part  of  the 
state.  Chazyan  sediments  are  absent  ac- 
cording to  Fettke  in  the  Hockenberry 
and  Childs  wells  of  western  Pennsyl- 
vania, and  in  the  Arcade  well  in  western 
New  York. 

Much  farther  to  the  west,  parts  of 
Michigan  and  Indiana  are  underlain  by 
easterly  marginal  portions  of  the  St. 
Peter  sandstone. 

The  Chazyan  limestones  of  the  east- 
erly belt  contain  small  amounts  of  detri- 
tal  materials,  mostly  as  impurities  in 
the  limestones  rather  than  as  separate 
bodies  of  sandstone  or  shale.  Thin  sand- 
stone members  occur  near  the  top  and 
base  of  the  Chazyan  sequence  in  Ver- 
mont. There  are  subordinate  beds  of 
dolomite  or  magnesian  limestone  both  in 
Vermont  and  Pennsylvania. 

In  the  westerly  area,  the  St.  Peter 
formation  is  noted  for  its  clean  quartz 
sands  with  rounded  and  well-sorted 
grains. 

Widespread  disconformities  are  associ- 
ated with  the  Chazyan  sediments.  Judg- 
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ing  from  present  knowledge,  much  of 
central  and  western  New  York,  western 
Pennsylvania,  and  all  of  Ohio  and  south- 
western Ontario  were  emergent  during 
. Chazyan  time.  Emergent  surfaces  must 
have  stood  at  low  altitudes,  or  more 
detritals  would  have  been  reworked  and 
carried  into  the  eastern  Chazyan  basin. 
In  Michigan,  the  St.  Peter  sandstone 
was  deposited  on  a surface  of  gentle  re- 
lief, with  100-foot  to  300-foot  valleys 
cut  by  erosion  into  Upper  Cambrian 
sediments.  Disconformities  probably  are 
associated  with  limestones  of  the  easterly 
Chazyan  trough,  but  are  not  well  under- 
stood. The  easterly  areas  of  Chazyan 
limestones  shown  in  Figure  11  probably 
represent  about  the  maximum  limits  of 
submergence,  and  in  part  probably  lifted 
[ above  water  level  during  portions  of 
Chazyan  time. 

Oil  and  Gas  Possibilities  of  the  Middle 
Ordovician  Chazj'an  Sediments 

The  Middle  Ordovician  Chazyan  sedi- 
ments of  the  Pennsylvania-New  York 
region  do  not  of  themselves  have  much 
promise  for  oil  and  gas  occurrence.  The 
Chazyan  sediments  are  comparatively 
limited  in  geographic  extent;  where 
present  they  generally  are  a subordinate 
member  of  a thick  limestone-dolomite 
sequence,  without  discernible  special 
premise  as  compared  to  others  of  the 
carbonate  formations. 

The  Chazyan  emergence  does  have  in- 
terest as  a possible  source  of  reservoir 
porosities. 

Portions  of  the  Beekmantown  and 
Upper  Cambrian  sediments  exposed  dur- 
ing Chazyan  time  across  central  and 
western  New  York,  western  Pennsyl- 
vania, Ohio  and  southwestern  Ontario, 
may  where  sufficiently  elevated  have 
undergone  weathering  favorable  for 
forming  reservoir-type  solution  porosi- 
ties. Early-stage  arches  if  present  would 
offer  likely  loci  for  such  leaching.  The 
Chazyan  geography  may  have  caused 
some  reworking  of  quartz  sands  from 
the  Upper  Cambrian  sediments,  that 
seem  to  have  been  broadly  exposed  in 
Ohio  and  southwestern  Ontario  during 
Chazyan  time. 

Middle  Ordovician  Black  River 
And  Trenton  Sediments 

The  comparatively  restricted  basins 
within  which  the  Chazyan  deposits  ac- 
cumulated, gave  place  by  marked  broad- 
ening to  the  subsidence,  submergence, 
and  sedimentation  of  Black  River  and 
Trenton  time.  (Compare  Figures  11,  12, 
13.)  Part  of  the  Adirondack  region  may 
have  remained  emergent:  otherwise  dur- 
ing much  of  the  Black  River  and 
Trenton  intervals,  marine  waters  flooded 
virtually  all  of  Pennsylvania,  New  York, 
Ohio,  southeastern  Ontario,  and  Mich- 
igan, inundating  the  Cincinnati  arch 
that  had  been  so  broadly  upwarped  dur- 
ing the  preceding  Beekmantown  and 
Chazyan  stages.  This  flooding  must  not, 
however,  be  regarded  as  continuously 
covering  the  entire  area;  instead,  evi- 
dence can  be  found  of  a number  of  fair- 
ly widespread  withdrawals  of  the  sea. 


especially  m Black  Ri\er  time. 

A further  major  change  Wa.-  imtiatcd 
during  Trenton  sedimcniation.  Ea,tci-1-. 
land  surfaces  became  extensively  .-tner- 
gent,  and  began  to  undergo  the  deforma- 
tion that  raised  the  ancient  Tacomc 
Mountains,  now  evidenced  in  the  ea.  ’ 
by  their  truncated  folds  and  faults,  and 
in  central  Pennsylvania  and  central  New 
York  by  the  thick  and  coar.se  detrital.^; 
supplied  by  their  vigorous,  Ordovician 
erosion.  Until  the  end  of  Trenton  time, 
however,  the  detritals  that  reached  the 
Pennsylvania  - New’  York  areas  were 
mostly  fine-grained,  and  in  large  part 
were  deposited  along  easterly  portions  of 
the  platform  of  sedimentation.  'See  Fig- 
ures 13,  14.1 

The  Black  River-Trenton  sediments  of 
the  Pennsylvania  to  Michigan  region 
dominantly  are  carbonates.  Lime  de- 
posits, including  shelly  coquinas  as  well 
as  chalky  flocculates,  accumulated  across 
central  and  western  Pennsylvania,  cen- 
tral and  western  New  York,  southwestern 
Ontario,  and  central  and  northern  Ohio, 
into  the  downwarping  area  of  the  Mich- 
igan basin. 

In  northwestern  Ohio  and  in  Indiana, 
along  and  to  the  west  of  the  present-day 
Cincinnati  or  Findlay  Arch  and  along 
the  Kankakee  arch,  as  well  as  along  the 
western  and  northern  margins  of  the 
Michigan  basin,  the  widespread  Black 
River-Trenton  limestones  give  place  pro- 
gressively to  dolomites  and  limestones 
and  in  some  areas  to  dolomites  with 
little  limestone. 

Relation  to  the  structural  axes  has  led 
some  geologists  to  conclude  that  the 
dolomites  are  secondary  in  origin  with 
dolomitization  conditioned  at  least  in 
part  by  folding.  It  has  also  been  sug- 
gested that  dolomites  along  the  oil-pro- 
ducing belts  in  Ohio  and  Michigan 
originated  from  solutions  enriched  in 
magnesium  during  ascent  through  sub- 
jacent Early  Ordovician  and  Upper 
Cambrian  strata.  However,  both  the  ge- 
ography of  the  Black  River-Trenton 
dolomites,  and  analogy  with  dolomites 
of  the  Early  Ordovician  and  Upper  Cam- 
brian observed  in  central  Pennsylvania, 
seem  to  the  writer  to  favor  the  hypothe- 
sis that  much  of  the  dolomitization  was 
accomplished  while  the  deposits  were 
relatively  fresh  on  the  sea  floor  if  not 
during  actual  sedimentation.  In  this 
case,  the  geography  suggests  that  shoal- 
ing was  in  some  fashion  a factor  in  the 
dolomitization,  though  its  tendency  to 
favor  dolomitization  presumably  stemmed 
in  some  way  from  effects  on  chemistry 
of  the  sea  water  in  contact  with  the 
sediments. 

It  is  recognized  that  caution  must  at- 
tend any  attempt  to  generalize  from 
presumed  conditions  of  dolomitization  in 
Pennsylvania  to  problems  of  dolomitiza- 
tion elsewhere.  The  suggestion  that  dolo- 
mitization in  the  Trenton  of  Ohio  may 
have  been  essentially  concurrent  with 
sedimentation,  is  a working  hypothesis 
that  needs  investigation  by  studies  of 
carbonate  rocks  in  that  region. 

Members  of  the  Black  River  and 
Trenton  limestones  vary  greatly  in  pur- 
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Turning  again  U;  the  detntal."  that 
.'pread  during  Trenton  time  into  Penn- 
.-'.Ivania  and  .New  York,  the  correlation.s 
illustrated  in  Figure  14  indicate  that 
clays  appear  at  geologically  earlier  levels 
on  the  east,  and  carbonate.s  [lersist  to 
higher  horizons  on  the  west.  Progressive 
westerly  spreading  of  the  clay.s  reflects 
continued  ri.se  of  the  ea.sterly.  eroding 
lands,  abetted  by  strengthening  currents 
in  shoaling  waters  of  the  region  of  sedi- 
mentation. So  far  as  known,  .significant 
bodies  of  land-derived  sand.s  did  not 
accumulate  in  Pennsyivania  and  New 
York  during  Black  River  and  Trenton 
time,  except  possibly  in  areas  east  of 
preserved  strata  recognized  as  belonging 
to  these  ages.  Lime  sands,  formed  by 
fragmentation  of  shells  and  perhaps  of 
other  lime  materials,  can  be  recognized 
in  various  cross- bedded  Black  River 
layers. 

As  contoured  in  Figure  14,  the  Black 
River-Trenton  sediments  vary  rather 
gradually  in  thickness.  The  Michigan 
basin  was  a subsiding  area,  the  sedi- 
ments thickened  probably  because  of 
greater  continuity  of  sedimentation.  The 
thinned  belt  that  extends  about  along 
the  course  of  Lake  Erie,  may  represent 
an  easterly  Black  River-Trentonian 
version  of  part  of  the  Cincinnati  arch. 
Another  axis  of  thinning  that  projects 
southwestwards  from  the  Adirondacks, 
has  been  termed  the  Adirondack  line  by 
Kay.  and  has  been  interpreted  as  an 
axis  of  shoaling  that  tended  for  a time 
to  bar  the  westward  spreading  of  clays 
of  the  deeper  easterly  waters.  Marked 
thickening  east  of  the  Adirondack  line 
reflects  rapidity  of  deposition  of  clays 
and  silts  brought  in  from  the  easterly, 
rising  lands.  Problems  about  correlation 
of  some  of  the  easterly  shales  results  in 
uncertainties  about  true  values  of  the 
easterly  thicknesses. 

Oil  and  Gas  Possibilities  of  the 
Black  River  and  Trenton  Sediments 

Virtually  all  of  the  oil  and  gas  pro- 
duction obtained  to  this  date  from  Cam- 
brian and  Ordovician  strata  in  and  near 
the  northern  portion  of  the  .Apiialachian 
basin,  has  come  from  Trenton  sediments. 

In  New  York,  gas  has  been  obtained 
in  commercial  quantities  in  the  Trenton 
limestones  in  a number  of  small  fields 
near  the  eastern  end  of  Lake  On- 
tario. Production  is  scattered  irregularly 
through  a gross  thickness  of  about  600 
feet  of  strata.  The  rot'k  consists  of  dark 
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gray  limestone  with  some  thin  interbeds 
of  dark  gray  shale.  The  gas  apparently 
occupies  systems  of  coarse  openings, 
capped  by  the  shale  breaks,  and  not  ef- 
fectively connected  over  very  large  areas. 
Open  flows  of  several  wells  have  been 
estimated  at  one  to  several  million  cubic 
feet  per  day,  with  high  initial  gas  pres- 
sures. Such  large  flows  are  very  short- 
lived. 

By  far  the  largest  Trenton  production 
of  the  general  region  has  come  from  the 
Lima  - Indiana  field  extending  across 
northwestern  Ohio  into  Indiana.  About 
480,000,000  barrels  of  oil  have  been  re- 
covered. The  oil  comes  from  at  least 
three  dolomitized  zones  of  the  Black 
River-Trenton  sequence,  the  most  pro- 
ductive^zone  being  in  the  upper  50  feet 
of  Trenton  limestone-dolomite  strata. 

Across  northwestern  Ohio,  the  Lima 
oil  fields  roughly  parallel  but  lie  north- 
west of  the  present  Cincinnati  or  Findlay 
arch.  Dolomite  fragments  from  the  pro- 
ducing zones  are  irregularly  porous,  with 
openings  ranging  from  pin-sized  pores 
to  cavities  as  much  as  an  inch  or  more 
in  diameter. 

Gas  replaces  oil  southwestwards  in 
Indiana  along  the  trend  of  the  Lima 
fields,  rather  than  eastwards  across  the 
trend  as  occurs  in  the  Upper  Devonian 
fields  of  Pennsylvania. 

Essential  parallelism  of  the  Lima  oil 
belt  with  the  axis  of  the  Findlay  arch, 
suggests  a relationship  of  cause  and  ef- 
fect. Various  changes  in  thickness  of 
Cambrian  and  Ordovician  formations  as 
they  cross  the  general  region  of  the  Cin- 
cinnati-Findlay  arch,  indicate  that  the 
structure  was  weakly  active  during  Cam- 
brian and  Ordovician  time,  and  that  the 
crest  shifted  widely  in  geographic  loca- 
tion in  successive  periods.  It  is  possible 
that  the  Lima  fields  roughly  mark  the 
position  of  the  crest-region  as  developed 
in  Trenton  time.  Porosity  might  then 
have  been  favored  by  sedimentation 
processes  of  the  shoaled  waters,  though 
it  more  likely  may  have  resulted  from 
leaching  along  the  arch  during  tem- 
porary stages  of  emergence. 

Small,  additional  Black  River-Trenton 
oil  and  gas  fields  have  been  discovered 
in  northwestern  Ohio,  northeastern  and 
northwestern  Indiana,  southern  Mich- 
igan, and  southwestern  Ontario.  In  many 
of  these  fields,  the  producing  horizons 
are  dolomites. 

Subsurface  extensions  of  the  Black 
River  and  Trenton  sediments  remain 
unexplored  over  large  areas  in  and  near 
the  northern  portion  of  the  Appalachian 
basin. 

In  western  Pennsylvania,  only  three 
wells  have  reached  Trenton-Black  River 
strata,  and  only  a few  wells  have  been 
drilled  to  these  rocks  in  the  southern 
half  of  western  and  central  New  York. 
In  Ohio,  wells  drilled  to  the  Trenton 
beds  are  located  75  miles  and  more  to 
the  west  of  the  Pennsylvania  line,  except 
in  the  northernmost  tier  of  counties. 

The  Black  River  and  Trenton  strata  of 
these  untested  areas  are  not  exception- 
ally promising,  so  far  as  can  be  judged 
from  present  knowledge.  There  is  no 


present  evidence  that  extensive  dolo- 
mitized zones  can  be  expected,  and  sig- 
nificant quartz  sands  almost  certainly 
are  lacking.  Shaly  breaks  such  as  those 
that  trap  gas  accumulations  in  small 
fields  of  central  New  York,  should  occur 
in  the  upper  limestones  over  large  areas. 
The  gentle  warping  and  emergence 
found  at  the  top  of  the  Black  River 
limestone  in  central  Pennsylvania,  may 
persist  toward  the  northwest  and  may 
occasion  some  local  solution  porosities. 

The  Black  River-Trenton  rocks  do,  it 
is  true,  represent  the  highest  part  of  a 
thick  carbonate  sequence,  in  which  po- 
rosities may  today  exist  as  joints  and 
other  fractures,  together  perhaps  with 
minor  solution  openings:  in  the  past  and 
especially  during  Paleozoic  time,  this 
thick  limestone  sequence  is  likely  to 
have  yielded  significant  quantities  of 
petroleum.  Since  virtually  the  beginning 
of  their  history,  the  Trenton  carbonates 
have  been  capped  by  thick  Upper  Ordo- 
vician clayey  sediments,  that  must  have 
interfered  with  upward  escape  of  oil  or 
gas. 

Through  their  unexplored  areas,  the 
Black  River-Trenton  carbonate  rocks  ap- 
pear to  be  favorably  situated  with  re- 
spect to  promising  petroleum  source  beds 
and  relatively  impermeable  cap  rocks. 
Potential  reservoir  porosities  are  less 
promising. 

Middle  Ordovician-Late 
Ordovician  Shale  Formations 

The  shale  formations  included  by  Kay 
in  the  upper  part  of  the  Middle  Ordo- 
vician Trenton  group  in  central  Penn- 
sylvania and  central  New  York,  are 
overlain  without  marked  boundary  by 
other  shales  classed  as  Upper  Ordovician 
by  all  workers  in  the  region. 

The  Middle  Ordovician-Upper  Ordo- 
vician shale  sequence  above  the  lime- 
stones totals  about  1,000  to  1,200  feet  in 
central  Pennsylvania  (see  Figure  13), 
and  is  similar  in  thickness  in  the  Tren- 
ton Falls-Watertown  area  southwest  of 


the  Adirondacks  in  central  New  York. 

The  lower  shales  in  both  regions  are 
fine-grained  clay  shales,  generally  dark 
with  organic  materials,  and  probably ; 
somewhat  calcareous  when  fresh.  Silt 
appears  in  overlying  parts  of  the  shales, 
and  some  fine-grained  sandstones  are 
interbedded  in  the  highest  portion.  i 

The  shales  variably  contain  fossil  i 
graptolites,  brachiopods,  mollusks,  and 
trilobites.  They  were  deposited  by  marine 
to  somewhat  brackish  waters. 

Eastwards  in  both  New  York  and 
Pennsylvania,  shales  appear  at  progres- 
sively lower  levels  in  the  Middle  Ordo- 
vician, and  sandstones  are  increasingly 
prominent  in  the  highest  beds. 

In  their  subsurface  extensions  across 
western  New  York  and  western  Penn- 
sylvania, the  Middle  Ordovician  - Late 
Ordovician  marine  shales  maintain  a 
comparatively  uniform  thickness,  al- 
though the  lower  and  upper  boundaries 
may  both  change  somewhat  in  age.  In 
general,  the  expected  westerly  decrease 
seems  to  take  place  in  the  silt  and  sand 
fractions  of  the  rock. 

In  much  of  Ohio  and  southwestern 
Ontario,  there  is  a marked  progressive 
change  in  the  summit  of  the  marine 
shaly  beds,  so  that  in  parts  of  these 
areas  as  well  as  in  Michigan,  marine 
shaly  strata  continue  into  the  highest 
Ordovician. 

Oil  and  Gas  Possibilities  of  the 
Middle  Ordovician-Late  Ordovician 
Shale  Formations 

The  Middle  Ordovician-Late  Ordo- 
vician shale  formations  of  the  Pennsyl- 
vania - New  York  - Ohio  area  offer  in 
themselves  little  promise  of  oil  and  gas 
occurrences.  They  are  however  of  inter- 
est in  interpretation  of  oil  and  gas  pos- 
sibilities of  the  region  not  only  because 
they  have  served  as  a barrier  to  escape 
of  the  petroleum  of  underlying  strata, 
but  also  because  they  may  have  been 
the  source  beds  of  significant  amounts 
of  petroleum.  If  so,  it  is  likely  that  most 
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of  their  available  petroleum  was  forced 
from  them  long  before  the  close  of 
Paleozoic  sedimentation. 

Sandstones  that  in  the  past  at  least 
had  possibilities  as  oil  and  gas  reser- 
voirs, are  interbedded  in  the  upper  part 
of  the  shale  sequence  in  central  to  east- 
ern New  York  and  in  east-central  to 
eastern  Pennsylvania.  These  sandstones 
in  part  are  themselves  marine  to  estu- 
arine, and  are  intimately  associated  with 
marine  to  estuarine  shaly  layers.  In 
their  regions  of  thickest  development, 
the  sandstones  tend  to  be  beveled  by  an 
erosional  unconformity,  that  cut  deeply 
into  their  anticlinal  structures,  and  that 
may  have  allowed  escape  of  much  of 
their  earliest-stage  petroleum  accumula- 
tions. (See  Figure  13.)  In  eastern  Penn- 
sylvania, the  formations  have  been  so 
strongly  deformed  that  portions  of  the 
clayey  members  today  are  slates,  reduc- 
ing the  likelihood  of  retention  of  oil  or 
gas  that  may  formerly  have  collected  in 
the  sandstone  interlayers. 

Upper  Ordovician  Gray 
Sandstones  and  Red  Beds 

In  western  New  York  and  in  central 
Pennsylvania,  the  Upper  Ordovician 
shale  formations  are  in  general  overlain 
first  by  gray  to  greenish  sandstones  and 
then  by  red  sandstones  and  silty  shales, 
likewise  classed  as  Upper  Ordovician  by 
most  geologists.  These  rocks  in  combined 
sequence  reach  their  greatest  thickness 
of  around  2,200  feet  in  central  Pennsyl- 
vania, well  to  the  east  of  the  Allegheny 
Front.  (See  Figure  15.)  An  axis  of  maxi- 
mum thickness  extends  in  a curving  line 
northwards  and  southwestwards. 

Eastwards  from  the  axis  of  maximum 
thickness  the  sequence  thins  rapidly  and 
disappears  by  unconformity  in  eastern 
Pennsylvania  and  eastern  New  York.  In 
this  thinning  marginal  area,  the  sedi- 
ments tend  to  coarsen,  and  transgress 
upon  a surface  of  unconformity  eroded 
toward  the  east  into  the  subjacent, 
folded  shales. 

Westward  from  the  area  of  maximum 
thickness,  thinning  is  comparatively 
gradual.  Across  western  Pennsylvania 
and  western  New  York,  the  thinning  in 
part  reflects  slower  sedimentation,  but 
in  larger  part  results  from  lateral  change 
of  basal  grayish  sandstones  which  be- 
come finer  grained  and  then  pass  into 
gray  shales.  In  southwestern  Ontario 
and  in  Ohio,  gray  shales  with  some 
interbedded  limestones  progressively  re- 
place the  red  shales,  until  finally  the 
last  tongues  of  the  gray  sandstone-red 
bed  facies-complex  have  disappeared. 

In  New  York,  the  gray  sandstone  for- 
mation is  named  Oswego  from  a town 
on  the  southeastern  shore  of  Lake  On- 
tario, and  the  overlying  red  beds  are 
termed  Queenston  from  a village  near 
Niagara  Falls.  In  central  Pennsylvania, 
the  red  beds  are  known  as  Juniata  for- 
mation; the  gray  sandstones  are  vari- 
ously classed  as  Oswego  formation  on 
the  supposition  of  subsurface  continuity 
with  the  type  Oswego  of  New  York,  and 
by  the  local  name  Bald  Eagle  sandstone 
in  recognition  of  geographic  changes. 


The  Juniata  beds  in  central  Penn- 
sylvania include  in  their  lower  part 
medium-grained,  red-colored  sandstones 
There  are  red  silty  shales  or  siltstones 
and  interbedded  sandstones  in  the  upper 
half,  with  red  quartzitic  sandstones  at 
the  summit.  The  underlying  Bald  Eagle 
or  Oswego  sandstones  are  600  to  700  feet 
thick  along  much  of  the  Allegheny 
Front.  The  sandstones  of  both  the  Ju- 
niata and  Bald  Eagle  formations  are 
mostly  graywackyish,  with  chloritic  frac- 
tions that  tend  to  be  squashed  into  the 
interstices.  Many  sandstone  layers  in 
both  formations  contain  numerous  dis- 
seminated crystals  of  iron  carbonate 
that  enclose  sand  grains  and  likewise 
help  to  block  interstices. 

Traced  eastwards  in  central  Pennsyl- 
vania, the  middle  and  upper  parts  of 
the  gray  Bald  Eagle  sandstones  become 
increasingly  conglomeratic,  and  are  sep- 
arable as  a distinct  conglomerate  forma- 
tion, underlain  for  some  distance  by  gray 
sandstones  of  Bald  Eagle  facies.  Farther 
east,  where  the  gray  sandstones-red  beds 
facies  transgresses  unconformably  upon 
the  subjacent  shale  formations,  the 
basal  conglomerates  probably  become 
transgressively  younger. 

The  gray  sandstone  formation  in  cen- 
tral Pennsylvania  lacks  known  fossils; 
fossils  are  unknown  in  the  Juniata  red 
beds  except  for  tubular  Scolithus  struc- 
tures believed  to  represent  worm  tubes. 
The  red  beds  probably  are  fresh  water 
sediments;  the  gray  sandstones  may 
have  been  spread  by  freshened  brackish 
if  not  truly  fresh  waters. 

In  New  York,  the  Queenston  red  beds 
in  their  more  westerly  type  area  contain 
less  sandstone  than  does  the  Juniata  of 
central  Pennsylvania;  they  lack  fossils 
except  for  Scolithus  tubes.  Traced  north- 
westwards in  Ontario,  gray  interbeds 
appear  containing  marine  fossil  faunas 
distinctive  of  the  Richmond  group  of 
Indiana. 

The  Oswego  sandstone  beds  at  Oswego 
are  graywackyish,  unfossiliferous.  Fos- 
siliferous,  in  part  dolomitic  sandstones 
included  in  the  lower  half  of  the  Oswego 
in  neighboring  areas,  might  well  be 
classed  in  a distinct,  subjacent  forma- 
tion. Some  beds  of  the  unfossiliferous 
sandstones  contain  disseminated  crystals 
of  iron  carbonate.  The  gray  sandstone 
sequence  thins  westwards,  becomes  finer 
grained  as  it  grades  laterally  into  shales 
and  disappears  near  the  eastern  shore 
of  Lake  Erie. 

Oil  and  Gas  Possibilities  of  the 
Upper  Ordovician  Gray  Sandstones 
And  Red-Bed  Sequence 

The  red-bed  sandstones,  shales,  and 
siltstones  at  the  summit  of  the  Ordo- 
vician in  central  and  western  Pennsyl- 
vania and  central  and  western  New 
York,  probably  are  mostly  fresh  water 
sediments  without  significant  accumu- 
lations of  oil  or  gas.  The  underlying 
grayish  sandstones,  on  the  contrary,  are 
believed  to  merit  investigation,  especially 
in  their  more  westerly  portions  where 
they  increasingly  intergrade  with  marine 
shales,  are  probably  themselves  in  part 
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The  grayish  sandstones  and  the  cijn- 
glomeratic  beds  into  which  they  |ia.  on 
the  southeast,  reflect  the  uplift  and  con- 
sequent vigorous  erosion  of  easterly  hilly 
if  not  mountainous  lands,  together  with 
westward  retreat  of  the  marine  waters 
that  had  covered  much  of  Pennsylvania 
and  New  York  during  preceding  portions 
of  the  Ordovician. 

The  gray  sandstones,  though  they  in 
general  lack  marine  fo.ssils  in  the  areas 
of  outcrop,  are  intimately  related  to  the 
thick,  underlying  marine  shales,  and 
pass  toward  the  west  into  marine  shales, 
probably  themselves  becoming  marine 
for  the  most  part  as  this  change  pro- 
gresses. Like  the  oil-bearing  sandstones 
of  the  Upper  Devonian  of  Pennsylvania, 
they  are  associated  with  westerly  re- 
gression of  marine  waters,  and  westerly 
shift  of  the  areas  of  sedimentation  of 
sandy  detritals. 

Samples  of  the  grayish  sandstone  from 
some  exposures  in  central  Pennsylvania, 
have  porosities  measuring  less  than  -1 
per  cent.  Where  penetrated  by  numerous 
wells  in  central  New  York  within  50 
miles  of  the  belt  of  outcrop,  the  sand- 
stones according  to  published  logs  have 
rarely  yielded  any  fluids,  suggesting 
that  here  again  porosity  and  permea- 
bility in  general  are  low. 

Although  available  data  about  porosity 
and  permeability  are  unencouraging  in 
central  Pennsylvania  and  in  wells  near 
the  outcrop  in  central  New  York,  po- 
rosity conditions  may  improve  in  more 
westerly  portions  of  the  gray  sandstones. 
In  shoaled  areas,  that  shifted  position 
along  the  margins  of  the  marine  waters, 
parts  of  the  sands  may  have  been  better 
winnowed  by  surf  and  currents  than 
were  most  of  the  sandy  materials  on  the 
east,  and  post-depositional  compaction 
and  cementation  may  be  less  extreme. 
Furthermore,  some  early-stage  petroleum 
accumulations  may  have  maintained 
local  reservoir  conditions  by  impeding 
cementation  and  loss  of  porosity. 

Few  wells  have  reached  the  westerly 
portion  of  the  Oswego  sandstones.  The 
only  well  that  has  penetrated  the  forma- 
tion in  western  Pennsylvania  is  that  re- 
cently drilled  near  Tally-Ho;  farther 
west  at  the  Childs  and  Hockenberry  wells 
the  sandstones  are  wanting  because  of 
change  to  shale.  In  New  York,  the  west- 
erly Oswego  was  penetrated  many  years 
ago  by  the  deep  Depew  and  Rochester 
wells,  and  has  been  reached  more  re- 
cently by  the  Arcade  and  Herrington 
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wells.  A small  amount  of  water  entered 
the  Tally-Ho  well  at  or  near  the  level 
of  the  Oswego.  The  results  of  these  few 
wells  have  been  negative,  but  they  do  not 
adequately  test  the  possibilities  of  the 
westerly  part  of  the  Oswego. 

Summary  of  Tentative  Views  About 
Oil  and  Gas  Possibilities  of  Cambrian 
And  Ordovician  Sediments  of  the 
Pennsylvania-New  York  Region 

The  Cambro-Ordovician  strata  of  the 
Pennsylvania-New  York  region  include 
thick  marine-estuarine  sand,  clay,  and 
carbonate  sequences  such  as  are  pro- 
ductive in  other  areas  of  the  continents. 
It  is  reasonably  probable  that  petroleum 
developed  in  these  rocks  during  past 
geologic  stages.  The  fundamental  prob- 
lem appears  to  be:  Have  significant 
quantities  of  oil  and  gas  been  preserved, 
and  if  so,  where? 

It  is  likely  that  much  of  the  petroleum 
of  the  region  entered  first-stage  reser- 
voirs during  Paleozoic  time.  Time  of 
development  is  significant  because  con- 
ditions then  existing  controlled  early  mi- 
gration, entrapment,  and  loss,  and  thus 
affected  possibilities  both  of  retention  in 
early  loci  and  of  movement  to  later, 
modified  reservoirs.  Where  petroleum 
saturated  openings  in  the  rock,  cementa- 
tion was  hindered  and  the  existing  po- 
rosity tended  to  be  presei’ved.  Possibility 
of  local  preservation  of  porosity  is  sig- 
nificant in  relation  to  very  low  porosity 
values  found  in  surface  crops  of  such 
strata  as  the  Oswego-Bald  Eagle  sand- 
stones. 

Localization  of  early-stage  reservoirs 
was  affected  by  both  original  and  sec- 
ondary developments  in  porosity,  per- 


meability. and  structure.  Stratigraphic 
studies  aid  investigation  of  these  basic 
features  by  relating  trends  in  facies  and 
textures  to  the  geography  of  sedimenta- 
tion: by  revealing  surfaces  of  uncon- 
formity with  which  leach-zones  may  be 
associated;  by  giving  evidence  about 
convergence  and  warping  or  arching  of 
the  platform  of  sedimentation,  that 
modified  early  structures  of  the  strata. 

Geographies  of  thickness  and  facies 
trends  of  each  of  major  subdivisions  of 
the  Cambro-Ordovician  sediments  are 
illustrated  by  the  accompanying  iso- 
pachous  and  isolithic  maps.  Uncon- 
formities are  especially  associated  with 
the  progressive  recession  of  areas  of 
sedimentation  from  Upper  Cambrian  to 
Beekmantown  and  to  Chazyan  time. 
Convergence  of  the  Paleozoic  sediments 
across  northwestern  Pennsylvania  gives 
evidence  of  early  development  of  north- 
westerly rise  of  the  sediments  and  thus 
of  one  element  of  warping  of  the  plat- 
form: early-stage  arching  within  the 
arch  of  the  platform  is  possible  but  is 
not  well  substantiated. 

Effects  of  Late  Paleozoic  Appalachian 
deformation  on  oil  and  gas  accumula- 
tions, are  not  well  understood.  In  parts 
of  southeastern  Pennsylvania,  meta- 
morphism is  advanced  and  must  have 
dispersed  any  early-stage  petroleum  ac- 
cumulations. In  detail,  however,  suppo- 
sitions about  occurrence  based  on  the 
carbon  - ratio  theory  appear  to  need 
modification. 

In  the  Cambro-Ordovician  sediments 
of  the  Pennsylvania-New  York  region, 
parts  of  the  Upper  Cambrian,  Beekman- 
town, and  Oswego  sediments  offer  possi- 
bilities of  reservoir  porosities,  and  the 


shale-capped  Trenton  limestones  have  at 
least  some  promise.  Geographies  of  the 
sediments  of  each  of  these  rock  divisions 
are  discussed  under  appropriate  head- 
ings of  the  report,  and  oil  and  gas  pos- 
sibilities are  considered  in  preliminary 
fashion. 

Through  much  of  their  subsurface 
areas  in  Pennsylvania  and  New  York, 
the  Cambro-Ordovician  sediments  occur 
at  depths  that  will  make  exploration 
very  costly.  Subsea  depths  of  the  Upper 
Cambrian  sandy  dolomites  and  Upper 
Ordovician  Oswego  sandstone  are  indi- 
cated in  Figures  5 and  16,  respectively. 

Exploration  of  Cambro  - Ordovician 
strata  has  been  very  limited  in  Pennsyl- 
vania and  New  York.  Further  prospect- 
ing deserves  consideration  on  a high-risk 
basis. 

BIBI.IOGRAPHIC  SOURCES 

The  following  papers  are  important  sources  of  data 
for  llie  present  report,  and  also  furnish  extensive 
hihlicjgrapliies  : 

(hihee,  George  V..  1918,  “Cainbrian  and  Ordovician 
Rocks  in  Michigan  Basin  and  Adjoining  Areas,”  Bull. 
Amf.h.  Assoc.  Petrol.  Geol.,  Vol.  32,  No.  8,  pp. 
1417-14-18. 

Fettke.  Charles  R.,  1948,  “Subsurface  Trenton  and 
Sul)-Trenton  Rocks  in  Ohio,  New  York.  Pennsylvania, 
and  West  Virginia,”  Bull.  Amer.  Assoc.  Petrol. 
Geol.,  Vol.  32,  No.  8,  pp.  1457-1492. 

Finn.  F.  H.,  1949,  “Geology  and  Occurrence  of 
Natural  Gas  in  Oriskany  Sandstone  in  Pennsylvania 
and  New  York,”  Bull.  Amer.  Assoc.  Petrol.  Geol., 
Vol.  33,  No.  3,  pp.  303-335. 

Heck.  E.  T..  1948,  “New  York  Subsurface  Geology,” 
Bull.  Amer.  Assoc.  Petrol.  Geol.,  Vol.  32,  No.  8, 
pp.  1449-1456. 

Kay,  Marsliall,  1948.  “Summary  of  Middle  Ordo- 
vician Bordering  Allegheny  Syndinorium,”  Bull. 
.\mer.  Assoc.  Petrol.  Geol.,  Vol.  32,  No.  8,  pp. 
1397-1416. 

Sherrill,  R.  E.,  Dickey,  P.  A.,  and  Matteson,  L.  S., 
1041,  “Types  of  Stratigraphic  Oil  Pools  in  Venango 
Sands  of  Northwestern  Pennsylvania,”  in  Stratigraphic 
Type  Oil  Fields,  Levorsen,  editor,  pp.  507-538. 

Swartz,  Frank  M..  1948.  “Trenton  and  Sub-Trenton 
of  Outcrop  Areas  in  New  York.  Pennsylvania,  and 
Mar\land,”  Bull.  Amer.  Assoc.  Petrol.  Geol..  Vol. 
32.  No.  8,  pp.  1493-1595. 


This  reprint  from  the  Producers  IVIonthiy  in  the  foliowing  issues: 
September,  1949,  Vol.  13,  No.  11,  Pages  25-32. 

October,  1949,  Vol.  13,  No.  12,  Pages  28-31. 

November,  1949,  Voi.  14,  No.  1,  Pages  25-31. 

December,  1949,  Vol.  14,  No.  2,  Pages  34-39. 


18 


f- 


•l 

!.;■ 

N 


rC- 


r 


' i ; 


